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SUMMARY 
The behaviour of Pythium oligandrum, P. acanthicum and 
P. periplocum, and of an unidentified Pythium species with non-
echinulate oogonia (Pythium sp. (SWO), was compared with that of a 
range of other Pythium spp., including several that are reported 
aggressive phytopathogens. P. oligandrum, P. acanthicum, 
P. periplocum and Pythium sp. (swo) were unable to utilise inorganic 
nitrogen sources and they required exogenous thiamine, in contrast to 
most other pythia. They differed further from other pythia in being 
unable to utilise cellulose, in being inhibited by •gallic acid, in 
being able to utilise mannitol as sole carbon sourcer) and in growing 
better (by linear extension) across nutrient-poor media than across 
nutrient-rich media. Some of these physiological differences were 
used to study the interactions between, on the one hand, 
P. oligandrum, P. acanthicum, P. periplocum and Pythium sp. (SWO) and, 
on the other hand, typically aggressive phytopathogenic pythia. 
P. oligandrum and similar fungi were shown to parasitise other 
pythia, and other fungi in general, significantly reducing the growth 
of some fungi, on which they grew well, but not of others, on which 
they grew poorly or not at all. This behaviour is termed 
mycoparasitism and the definition of this term is discussed in detail. 
P. oligandrum, as a representative of the mycoparasitic pythia, was 
found to colonise pieces of wheat-straw that had been precolonised by 
susceptible host fungi and buried in soil, but it poorly colonised 
filter paper in similar conditions and it did not colonise materials 
previously colonised by fungi resistant to mycoparasitism. 
The mode of parasitism by P. oligandrum was investigated. No 
evidence of toxin-production was obtained, but P. oligandrum was seen 
to penetrate the living hyphae of some fungi, which responded by 
(ix) 
forming papillae at the points of invasion. It is suggested that 
P. oligandrum caused marked reduction in the viability of other fungi 
both by direct penetration, associated with hyphal coiling, and by 
creating conditions of nutrient—stress to which the other fungi may 
respond by autolysis. 
P. oligandrum, P. acanthicum and P. periplocum were compared and 
found to behave similarly, one to another, though they could be 
distinguished on morphological grounds. One isolate of P. acanthicum 
was found to behave differently from others in many respects and was 
not mycoparasitic. The implications of these findings for the 
taxonomic separation of species are discussed. 
By use of agar plates precolonised by a susceptible "host" 
fungus, P. oligandrum was isolated from 28.77 of soils test, 
predominantly those of pH 4.9 - 7.0. Pjrthium sp. (SWO), Trichoderma 
spp. (mainly T. viride) and Cliocladium roseum were also isolated by 





1.1 THE GENUS PYTHIUM 
Pringsheim (1858) created the..gènus Pythium and placed it in 
the family Saprolegniaceae, but it was subsequently transferred to a 
new family, Pythiaceae, by Schrtter (1897). About this time, pythia 
were first seen to be associated with plant root diseases, and were 
found to be important soil-borne pathogens, causing damping-off, 
stem rots and fruit rots, etc. Subsequent work showed them to be 
highly aggressive and to have wide host ranges (summarised by 
Middleton, 1943). Several pythia, including P. ultimum Trow, 
P. irregulare Buisman and P. debaryanum Hesse, are well known to 
cause diseases resulting , in economic loss (Rands & Dopp, 1938; 
Hendrix & Campbell, 1966; Hendrix, Campbell & Chein, 1971). 
Others, however, are less aggressive plant pathogens, and one such 
group of pythia, including P. oligandrum Drechsler, P. acanthicum 
Drechsler and P. periplocum Drechsler, is the subject of this 
thesis. 
Pythia are present in many types of habitat, and many species. 
have a world-wide distribution (Middleton, 1943). They have been 
recorded as inhabitants of cultivated soils (Chesters, 1948; 
Plaats-Niterink, 1975), undisturbed forest soils (Chesters, 1948; 
Campbell & Hendrix, 1967), forest nursery soils (Vaartaja, 1968), 
recreational turfgrass soils (Hendrix, Campbell & Moncrief, 1970), 
sands and pumices (Robertson, 1973a), wet pasture-soils, marshes and 
swamps (Apinis, 1964),' and rivers (Park, 1975, 1977). In general, 
the terrestrial ones are more frequent in arable and other disturbed 
soils than in undisturbed 'natural' soils (Plaats-Niterink, 1975), 
and are favoured by neutral or near-neutral pH (Barton, 1958; 
2 . 
Apinis, 1964) though the distribution of P. intermedium de Bary is 
reported to be largely independent of soil pH within the range 5.0 
to 7.2 (Warcup, 1952). 
The sizes. of populations of pythia in soil vary markedly according 
to depth. Knaphus and Buchholtz (1958) reported that P. ,graminicola 
Subramaniam was infrequently isolated from the top 7.5 cm of soil, or 
below 67.5 cm, and in general pythia exist at highest population levels 
in the zone where root development is greatest. A report by Apinis 
(1964) indicates that P. intermedium is restricted mainly to the upper 
25 cm of soil. 
Pythia may survive in soil by saprophytism or, when no suitable 
substrate is available, as resistant oospores. P. ultimum was shown to 
survive at -180C for two years (Munnecke & Moore, 1969) and in 
air-dried 'muck-soil' for 12 years (Hoppe, 1966). For shorter periods, 
pythia can survive by means of zoospore cysts and sporangia (Luna & 
Hine, 1964; Stanghellini & Hancock, 1971), and some sporangia probably 
persist as well as do oospores (Agnihotri & Vaartaja, 1967; 
Stanghellini & Hancock, 1971). In field soil, sporangia are 
exogenously dormant and remain so until fungistasis is annulled 
(Agnihotri & Vaartaja, 1967). Reports on the nature of dormancy of 
oospores are contradictory - perhaps because of differences between 
isolates and techniques - but it Is known that oospores of many pythia 
have endogenous (constitutive) dormancy, which in P. ultimum is 
apparently related to the thickness of the oospore wall (Ayers, 1975). 
Constitutively dormant oospores become exogenously dormant when they 
age or when subjected to non-sterile soil extract. 
Soil moisture is Important in saprophytic growth of pythia and, 
generally, greater development occurs at high soil-moisture contents. 
Zoospores help to disperse the fungus through the soil in conditions in 
3 . 
which continuous water films exist; after encystment they may then 
germinate to form a saprophytic mycelium or may infect plant roots 
(Spencer & Cooper, 1967). Zoospores of P. aphanidermatum (Edson) 
Fitzpatrick, for example, are attracted by the release of nutrients 
from roots.(Royle & Hickman, 1964), and this seems to be general for 
zoospores of lower fungi (Fuller, 1977). 
For many years, pythia were infrequently isolated on agar plates 
inoculated with soil, but were more often obtained from diseased 
plants. However, various selective media have now been devised, as 
reviewed by Tsao (1970). Incorporation of gallic acid (3.4.5 
trihydroxybenzoic acid) in the medium inhibits many other fungi and, 
especially after autoclaving, enhances outgrowth from propagules of 
pythia (Flowers & Hendrix, 1969). Polyene macrolide antibiotics such 
as nystatin are also highly selective (Eckert & Tsao, 1962). Baits 
consisting of pieces of fruit or vegetable, or seedlings grown in soil, 
can also yield pythia (e.g. Barton, 1961; Banihashemi, 1970), but a 
problem with some of these techniques concerns the sensitivity of 
Pythium spp. to many antibacterial antibiotics. 
In culture, Pythium spp. grow rapidly and most have very simple 
nutritional requirements. Glucose is an adequate carbon source, though 
most pythia grow better on vegetable oils than on this (Hendrix, 1965), 
Nitrate is often an adequate nitrogen—source, though some pythia prefer 
organic nitrogen sources (Leonian & Lilly, 1938; Hawker, Harrison, 
Nicholls & Ham, 1957; Kraft & Erwin, 1967). Similarly, many pythia 
have no vitamin requirements, though a few require thiamine or one of 
its two moieties, pyrimidine and thiazole. Sterols are generally 
required for sexual and zoosporangial reproduction and are reported 
also to stimulate mycelial growth of some species (Hendrix, 1965; 
Child, Dfago & Haskins, 1969; Brushaber, Child & Haskins, 1972). 
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Althoughmost interest in Pythium app. centres on their plant 
pathogenicity (reviewed by Hendrix & Campbell, 1973), there is 
increasing evidence for the existence of ecological groupings within 
the genus. Some species may be exclusively aquatic and live as 
saprq,phytes on simple or conp1ex carbon-sources; for example, 
P.fluminum Park and P. uladhum Park, which are saprophytic colonists 
of cellulose in streams (Park, 1975; Park & McKee, 1978). These 
pythia are unusual in their physiology; they do not grow on several 
commonly used media such as oatmeal, cornmeal, malt extract and 'V8' 
agars, but grow well on cellulose or carboxymethylcellulose (CMC) 
incorporated into a Petri-base agar medium (Park, 1975), The amount 
of growth on agar media was dependent on the combinations of, carbon 
and nitrogen sources used. In agar containing CMC, nitrate, ammonium 
or organic nitrogen compounds such as asparagine or peptone permitted 
good growth, whereas urea was inhibitory. With agar media containing 
0.3% glucose or cell.obiose, however, only nitrate supported growth; 
ammonium, urea and asparagine were inhibitory. Appreàiable mycelial 
growth occurred in agar medium without added nitrogen source. Park 
(1975) stated that possibly P. fluminum is adapted to utilise low 
levels of nitrogen. In another test, Park noted that glucose at 
concentrations above 0.5% was supra-optimal for this species. 
Some terrestrial pythia probably also exist as saprophytes, but 
proof of this is lacking because of the ubiquity of higher plants as 
potential hosts in soils that are microbiologically active, and the 
frequent demonstrations that pythia isolated directly from soil have 
the potential to parasitise plants. 
Within the large group of phytopathogenic pythia, some species 
exhibit host specificity; for example, P. gramlnicola and 
P. arrhenomanes Drechsler are associated mainly with the Cramineae. 
5 . 
But this degree of host specificity seems to be rare, because Middleton 
(1943) hate numerous diverse hosts for most Pythium app. The presence 
of suitable hosts, to some extent, may determine the distribution of 
individual Pythium species but little is known about this. Some pythia 
are adapted to high temperature, and generally are restricted to warm 
climates; P. myriotylum Drechaler, for example, is reported to cause 
disease mainly of peanuts and snap—beans in warm regions of the world, 
and P. 'aphanidermatum also is encountered most often in warm regions. 
One group of terrestrial Pythium app. can be set apart from the 
large group of phytopathogens on the basis of ecology; this small 
group includes P. oligandrum, P. acanthicum and P. periplocum, which 
will be discussed below, and they have in common the ability to 
parasitise other fungi. 
1.1.1 P. oligandrum, P. acanthicum and P. periplocum 
These three species are reported periodically from diseased plants 
but are seldom considered aggressively pathogenic and, indeed,, are 
usually associated with other pathogens that might have caused the 
damage. Drechsler (1943), for example, originally described 
P. oligandrum from isolations obtained from damaged pea roots but he 
noted that the more aggressive phytopathogens P. ultimum, P. debaryanum 
and P. irregulare were also present. In subsequent tests, 
P. oligandrum was found to coil around and parasitise the mycehia of 
these other pythia. P. acanthicum and P. periplocum were similarly 
shown to be mycoparasites (Drechsler, 1946), but the rôle of these 
fungi as plant parasites cannot be excluded entirely because they have 
been shown to cause, for example, blossom end rot of water melon 
(Citrullus vulgaris Schrad). 
The next major study of the ecology of P. oligandrum was not until 
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1966 when Tribe (1966) reported on its association with cellulolytic 
fungi. Previously, Tribe (1961) had found P. oligandrum on cellulose 
film buried in soil and this was surprising as P. oligandrum was 
thought not to be cellulolytic. Mycelia found growing on the film near 
to P. oligandru' identified as belonging to Botryotrichum piluliferum 
Sacchardo & Marchal. Tribe (1966) suggested that P. oligandrum was 
growing on the cellulose film in association with Botryotrichum which 
was releasing small molecules, perhaps sugars and organic acids, that 
could be utilised by the Pythium. Growth of a non—cellulolytic fungus 
in association with a cellulolytic fungus on cellulose has been termed 
secondary sugar saprophytism (Garrett, 1970; Hedger & Hudson, 1974), 
the sugar fungus being thought to utilise monomers and oligomers 
resulting from cellulase action. 
Deacon (1976) and Deacon & Henry (1978) further investigated the 
behaviour of P. oligandrum, P. acanthicum and P. periplocum and showed. 
that their ecologies were markedly different from those of other 
pythia. These authors studied a range of Pythium spp. and placed them 
into three groups according to their growth on agar plates precolonised 
by .Phialophora radicicola Cain var radicicola (now known as 
Phialophora sp. (lobed hyphopodia) (Walker, 1981)). In the first 
gióup were P. oligandrum, P. acanthicum (most isolates) and 
P. periplocum. These grew across the precolonised agar plates, 
presumablr tolerating staling products of the other fungus and in some 
way deriving nutrients from the plates. The second group comprised 
P. ultimum, isolate XMl 136143 of P. acanthicum, and P. spinosum 
Meurs, which grew only partly across the plates, presumably tolerating 
staling products; extension growth by these fungi then stopped, 
apparently because of insufficient nutrients to support continued 
growth. 	The third group of Pythium spp. included species such as 
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P. mamillatum Meurs, P. echinulatum Matthews and P. megalacanthum de 
Bary that did not grow at all on the precolonised plates. In this 
respect it is notable that P. mamillatum was reported by Barton (1961) 
to be restricted to a role as a primary colonist of natural substrata 
because it is unable to tolerate staling products present in substrata 
colonised by other fungi. The behaviour of P. oligandrum, 
P. acanthicum and P. periplocum is thus in marked contrast to that of 
P. mamillatum, and they differ from isolates of Group 2 by continuing 
to grow across the plates precolonised by Phialophora sp., and by 
being only weakly pathogenic to higher plants (Deacon & Henry, 1978). 
P. oligandrum, P. acanthicum and P. periplocum occur in natural 
habitats usually favoured by Pythium spp. in general, and they seem 
similarly affected by environmental factors, though this topic has 
received relatively little study. All three species are homothallic, 
as are most known pythia, and may survive in soil by persistent 
oospores and sporangia, but again there is little information on this 
point. They are not isolated as frequently from undisturbed soils as 
from cultivated soils (Plaats—Niterink, 1975; Deacon & Henry, 1978), 
but they have been isolated from a wide range of soils supporting 
different plant species. The frequency of detection is dependent on 
the isolation technique used, the gallic acid agar devised by Flowers & 
Hendrix (1969) giving one of the highest reported frequencies (5.4% of 
230 soil samples tested). Recently Deacon & Henry (1978) used agar 
plates precolonised by Phialophora sp. to selectively isolate 
P. oligandrum from soil. In a survey of sixteen British soils, 
P. oligandrum was isolated from six of them, and the reported or 
suspected mycoparasites Trichoderma spp. and Gliocladium roseum Bain. 
were also often obtained by this method. 
In many respects, the reported physiologies of P. oligandrum, 
P. acanthicum and P. periplocum are similar to those of pythia in 
general. They have a moderate growth rate - 18 to 31mm per 24 hours at. 
250C (Middleton, 1943) but differ from many other pythia in having 
a cumulose growth on agar, with formation of small tufts of aerial 
mycelium. Both P. oligandrum and P. acanthlcum require exogenous 
thiamine, or at least one moiety of it (Leonian & Lilly, 1938; Ridings 
Gallegly & Lilly, 1969; Haskins, 1963; Haskina, Tulloch & Mircetich, 
1964), and sterola like cholesterol are important in reproduction 
(Haskths et al, 1964; Child, Dfago & Haskins, 1969; Deacon, 1976). 
P. acanthicum is restricted in its source of utilisable nitrogen; 
nitrate (as KNO3 or NaNO3), ammonium (as NH4NO3 .or (NH4)2 SO4) and urea 
are not utilised (Haskins, 1963). Leonian and Lilly (1938) reported 
that P. oligandrum does not use nitrate, at least under the conditions 
specified in that work. 
There is only sparse informatiQn on the utilisation of different 
carbon sources by P. oligandrum and P. periplocum. An isolate of 
P. acanthicum (PRL 2142), however, grew well in a medium containing 
asparagine, thiamine and mineral salts when supplemented with glucose, 
fructose, maltose, cellobiose, treh1ose, melibiose, raffinose, sorbitol 
or glycerol, and, with a need for the presence of cholesterol, good 
growth was made on galactose, lactose, mannitol and dulcitol (Child, 
Défago & Haskins, 1969). 
Hendix & Campbell (1973) argued that the present species - 
delimitations of pythia are based on often small morphological 
differences, and these workers have also shown that, for example, size 
of oogonia and oospores can vary according to growth conditions. They 
therefore argued that, for most purposes, it may be sufficient to group 
species into "species - complexes t. In this respect, P. oligandrum - 
P. acanthicum (presumably including P. periplocum) is one such complex. 
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The work of Deacon & Henry (1978) supports this, insofar as no 
behavioural difference was found between P. oligandrum and 
P. acanthicum except for an isolate of P. acanthicum (IMI 136143) which 
behaved differently from all others. It could be argued further, on 
the basis of this work, that such groupings are better than 
morphologically based species - delimitations, because IMI 136143 does 
fall into the species P. ac 	acum on morphological grounds, as do the 
mycoparasitic isolates of P. acanthicum, and yet their biologies are 
clearly different. 
As can be seen from the comments above, P. oligandrum, 
P. acanthicum and P. periplocum are thought at present to be 
mycoparasites, but before discussing this further, the biology of 
mycoparasites in general will be discussed. 
1.2 MYCOPARASITES 
The term mycoparasite is used to define fungi that parasitise 
other fungi (Boosalis, 1956; Barnett &.Binder, 1973). Previously 
these organisms were often termed hyperparasites, but this refers 
specifically to fungi that parasitise other parasites, and it is too 
specific for general use. The subject has been reviewed by several. 
workers (Boosalis, 1964; Barnett & Binder, 1973) and recent reviews 
include those of Lumsden (1980) on the ecology of mycoparasites and 
Ayers & Adams (1981) on the use of mycoparasites as biological control 
agents of plant disease. 
GUumann (1946) separated plant parasites into two groups, based on 
the nature of the host—parasite interaction. Biotrophic parasites were 
characterised by their feeding on tissues of living hosts and by the 
fact that, at least initially, they do not kill host cells; they set 
up a physiological balance with host cells and depend on the 
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functioning of these cells for their nutrition. In contrast, 
necrotrophic parasites characteristically kill the host cells at an 
early stage in the parasitic process, by means of toxins or enzymes or 
simply by penetrating and disrupting cellular membranes, but they can 
continue to feed on the dead host cells. This basic division between 
biotrophic and necrotrophic parasites has been adapted for 
mycoparasites, as reviewed by Barnett & Binder (1973). 
1.2.1 The groups of nnjcoparasites 
1.2.1.1 Biotrophic parasites 
The biotroitc mycoparasites are of three basic types, termed 
internal,, contact and haustorial biotrophs. 
I. 	Internal biotrophs. This group comprises several chytrids, which 
cause little damage to the host during early development. Their 
hosts are mostly other chytrids. Growth of the mycoparasite 
Rozella cladochytrii Karling on its host Nowakowskiella profusum 
Karling is seemingly typical of this type of interaction 
(Karling, 1942). The parasite grows within the host as a naked 
protoplast, scarcely distinguishable from the host protoplasm, 
and at this stage the host rhizomycelium is living. 'Later the 
host is killed as R. cladochytrii enters its reproductive stage. 
Another example of this type of interaction is the parasitism of 
Rozetla allomycis on Allomyces spp. (Held, 1972), though in this 
case only the rhizoidal system penetrates the host thallus. 
2. 	Contact biotrophs. Members of this small group of imperfect 
fungi have other imperfect fungi or ascomycetes as hosts. Some 
species have a narrow host range; for example 
Calcarisporiurn parasiticum Barnett is confined to fungi with 
pycnidial imperfect stages (Barnett, 1958). The parasites form 
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specialised hyphal branches that may grow completely around.the 
host hyphae or may terminate in a swollen tip, called a "buffer 
cell". Whaley & Barnett (1963) reported that nutrients required 
by one such parasite, Conatobotrys simplex Corda, are normally 
held within the hyphae of the host and very few escape from the 
hyphae before autolysis, Contact mycoparasites seem not to harm, 
the host; the only effect of biotroph-host contact that has so 
far been established is a reduction in the host's growth rate in 
dual culture (Barnett & Lilly, 1958; Barnett, 1964). All five 
species of contact biotropha discussed by Barnett & Binder (1973) 
are known to have a requirement for a nutrient present in hot- 
water extracts of host mycelium, but which is also present in 
many ascomycetes and imperfect fungi that are non-hosts (Whaley. & 
Barnett, 1963; Rakvidhyasatra & Butler, 1972), and also in 
phycomycetes and in some basidiomycetes. It is an unidentified 
organic compound termed mycotrophein (Whaley, 1961). 
3. 	Haustorial biotrophs. These parasites are classified in the 
Mucorales and are characterised by haustoria, i.e. slender 
finger-like projections which develop within the host cell.. The 
fine structure of these haustoria somewhat resembles that of 
haustoria of fungal parasites of higher plants (e.g. Armentroüt & 
Wilson, 1969). Several haustorial biotrophs have been cultured 
axenically though Piptocephalis spp. have not yet been cultured. 
in this way, and develop only on a living, susceptible host 
(Barnett & Binder, 1973). The host ranges are in general. 
restricted to other members of the Mucorales, but some haustorial 
biotrophs may attack members of the Ascomycotina and Hyphomycetes 
(Deuteromycotina). For example, Dispira simplex Benjamin is 
mainly restricted to Chaetomium spp. (Dobbs & English, 1954), and 
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Piptocephalis xenophila Dobbs & English, though paras,tic on the 
Mucorales, also parasites several Penicillium app. and other 
fungi (Dobbs & English, 1954). 
1.2.1.2 Necrotrophic mycoparaeitea 
The necrotrophic mycoparasites are a diverse group of fungi 
including Rhizoctonia solani KUhn, Trichoderma viride Pers. ex S.F. 
Gray and Gliocladium roseurn. They generally have very wide host 
ranges in their parasitic phase. However, they present a problem of 
interpretation in physiological terms: they differ from biotrophic 
mycoparasites in that they are facultative or opportunistic parasites, 
and most have several attributes that might enable them to grow 
successfully in competition with other fungi on dead host mycelia or 
other organic matter. Generally, they can grow well without nutrients 
from host fungi, and are readily grown on normal laboratory media. The 
behaviour of these necrotropha is well illustrated by a comprehensive 
study by Butler (1957) on the mycoparasitic phase of the necrotroph 
Rhizoctonia solani. R. solani parasitised other fungi by penetration 
of vegetative hyphae and fruiting bodies. The mode of attack was 
characterised as either the 'coiling type', in which the parasite 
exhibited only coiling of its hyphae around the host hyphae, or the 
'penetration-coiling type' in which the parasite always penetrated the 
host, but might also coil around it. Infection hyphae arose either 
from the advancing tip of an isolated hypha of the parasite or from 
hyphae growing parallel to host hyphae, or from loose parasitic ioops 
and coils. Butler created an index of host susceptibility, ranging 
from no observed parasitic attack to extreme susceptibility (type 4). 
Nevertheless, some hosts classed as having a 'type 4 response' were 
never completely killed by R. solani, and healthy cultures of these 
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hosts could be readily re-established from a mixed culture. Pythium 
app. could usually be re-isolated from mixed cultures with R. solani, an 
exception being P. butleri Subramaniam which, in the presence of the 
parasite, seemed to undergo accelerated autolysis, even in parts of the 
colony not in contact with the parasite. There was no evidence for the 
existence of diffusible toxins to explain this. The range of hosts was 
mainly confined to aseptate fungi in the Mucorales and Peronosporales. 
Host susceptibility varied between genera but also between species; 
for example three species of Pythium were classed as susceptible hosts, 
two as slightly susceptible hosts, and three as immune. The reason for 
the narrOw range of the hosts was not apparent. Isolates of R. solani 
did not all behave similarly, one to another, and could be grouped 
according to their aggressiveness. 
Specialised hyphae in the form of coils and loops could be 
produced in the absence of a host, for Butler (1957) demonstrated that 
glass-wool 'fibrils' and cotton fibres also stimulated coiling, though 
to a limited extent. He found no evidence of cellulolysis of walls of 
the cotton fibres, and postulated that walls of some 'phycomycete' 
hosts, which contain a cellulose-like polymer, might be penetrated by 
mechanical pressure alone. It should be noted, however, that R. solani 
is commonly regarded as ce].lulolytic, and several isolates have proven 
abilities to degrade filter paper. 
Gliotladium roseum is another common soil fungus, frequently 
reported as a mycoparasite attacking and destroying spores and 
vegetative cells of numerous other fungi (e.g. Barnett & Lilly, 1962). 
In a detailed study, Barnett & Lilly (1962) showed that highly 
diffusible toxins were apparently not causal agents of cell death, 
because disintegration of host hyphae occurred only in close contact 
with the parasite. Lateral branches of C. roseum were apparently 
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stimulated to grow towards host hyphae, and then made contact with the 
hyphae by means of short branches which curled and looped tightly 
around the host. In general; G. roseum was seldom.seen penetrating 
living cells; internal hyphae were seen only in cells previously 
killed by the parasite. Pachenari & Dix (1980) have recently re-
investigated C. roseum and suggested that it kills other fungi by 
producing a toxin active at close range. However, the toxin has not 
been characterised, and the results are open to other interpretations 
because 'toxins' were demonstrated only in dual—membered cultures 
betweenG. roseum and a host fungus Botrytis allii Munn, not in 
cultures of the Gliocladium alone, 
More recent work onmycoparasites has concerned the Trichoderma 
spp. - especially T. viride, T. hamatum (Bon.) Bain and T. harzianum 
Rifai which have been shown to be of potential use as biological 
control agents of plant pathogens (for example Wells, Bell & Jaworaki, 
1972; Chet & Baker, 1980; Lewis & Papavizas, 1980; Papavizas, Lewis 
& Abd—El Moity, 1982). 
The mycoparasitic nature of T. viride (= T. lignorum (Tode) 
(Harz)) was first described by Weindling (1932). Slagg & Fellows 
(1947) subsequently reported penetration of hyphae of Gaeumannomyces 
graminis (Sacc) Arx & Olivier by hyphae of T. viride; and penetration 
of hyphae of several aseptate fungi and of R. solani has also been 
reported (Boosa1is, 1956; Durrell, 1966). Coiling of hyphae of 
T.viride around Fusarium sp. was noted by Chi (1960), and coiling 
around fungi of widely differing groups has also been noted by Dennis & 
Webster (19710. These latter workers carried out experiments using 
plastic threads of similar diameter to hyphae of P. ultimum, a 
susceptible host, and found that hyphae of Trichoderma did not coil 
around the threads; it was concluded that hyphal coiling was not 
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merely a. contact stimulus. In further studies (Dennis & Webster, 
1971a, b) it was reported that antibiotic-producing strains of 
Trichoderina that coiled around fungi caused premature vacuolation of 
hyphae, coagulation of cytoplasm and sometimes bursting of hyphae. 
Strains that produced no antibiotic did not affect hyphae in this way, 
although some of these latter strains were seen to coil more profusely 
around hyphae than did some antibiotic—producing strains. This 
suggests an important role of antibiotics in the "parasitic" process. 
However, although antibiotics were seen to cause damage or death to 
hyphae of fungi (even when the colonies of Trichoderma and test fungi 
were still 3 - 5 mm apart) most test fungi ceased growth soon after 
contact, whether or not the strain of Trichoderma produced an 
antibiotic. 
Dennis & Webster (1971a, b, c) investigated the production of 
volatile antibiotics, non—volatile (water—diffusible) antibiotics and 
direct hyphal interactions between Trichoderma spp. and other fungi, 
They concluded that direct hyphal penetration by Trichoderma was less 
important than the production of antibiotics, and they suggested that 
hyphal coiling might represent a means of achieving close contact with 
hyphae of other fungi so that the antibiotics have most effect. 
Liu & Baker (1980) studied T. harzianum, and observed that in 
dual cultures it attacked and coiled around hyphae of R. solani, which 
lysed. No hyphae of T. harzianum were seen to penetrate the hyphae of 
R.solani. Similarly, Chet & Baker (1980) concluded that the mechanism 
of antagqnism of T. hamatum to R. solani appeared to be parasitism. No 
antibiotic activity could be detected. . : T hamatum released highly 
active 	- (1 - 3) glucanase and chitinase into the culture medium when 
growing on cell walls of R. solani as the sole carbon source. These 
lytic enzymes are known to be capable of degrading fungal cell walls.. 
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Trichoderma spp. have recently been implicated in natural and 
induced suppressiveness of soils to plant pathogenic fungi. Liu & 
Baker (1980) and Chet & Baker (1980) used T. harzianum to induce 
suppressiveness of soil to R. solani. Chet & Baker (1981) observed 	 - 
natural suppressiveness to R. solani in one soil, from which T. hamatum 
was isolated at 8 x 10 5 propagules per gram of soil. When conidia of this 
fungus were placed in a clay loam soil of low natural suppressiveness 
to R. solani, the soil became suppressive to the Rhizoctonia, and also 
to Pythium spp. and Sclerotium rolfsii Sacc. Elad, Kaon & Chet (1982) 
have demonstrated up to 83% reduction of disease of cotton by 
solani, when seeds were coated with conidia of Trichoderma spp. 
Papavizas, Lewis & Abd—E1 Moity (1982) evaluated the capabilities of 
new biotypes of T. harzianum, induced by exposure to U.V. radiation, 
for suppression of disease. Several such biotypes were consistently 
more effective than the wild strain in suppressing damping—off of peas 
by P. ultinium, damping—off of cotton and radish by R. solani, and 
white rot of onion caused by Sclerotiumcepivorum Berk. 
Several other fungi are reported to be necrotrophic mycoparasites; 
they include Didymella exitialis (Mor.) E. MUller on Gaeumannomyces 
graminis (Siegle, 1961), Papulaspora stoveri Warren on R. solani 
(Warren, 191.8), Cephalosporium spp. on Drechslerateres (Sacc) Shoem. 
and Drechs1er8.poae (Baudys) Shoem (Kenneth & Isaac, 1964), Gliocladium 
virens Miller, Giddens & Foster on Sclerotinia scierotiorum Lib. de 
Bary (Tu, 1980), and Gliocladium catenulatum Gilman & Abbott on 
scierotiorum and Fusarium spp. (Huang, 1978). 
1.2.1.3 Paraaitea of fungal propagulea 
Although the basic distinction between biotrophic and necrotrophic 
mycoparasites is useful and of fundamental significance in parasite 
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nutrition, there is a group of mycoparasites that merits separate 
consideration because these parasites are characterised by their 
parasitism of reproductive structures or dormant propagules of their 
hosts. In several cases they do not grow on the normal vegetative 
hyphae of host fungi. Examples of this type include the following: 
Verticillium lecanii (Zimm.) Viegas which characteristically grows 
on or in spore pustules of rust fungi and occasionally of powdery 
mildews. Spencer & Atkey (1981) and Allen (1982) have 
investigated this fungus and found it to penetrate some of the 
spores of rusts like Uromyces dianthi (Pers.) Niessl. and 
U. appendiculatus (Pers.) Ung; it also suppressed development of 
rust pustules on leaves of carnations and stems of wheat, by 
unknown means (Spencer & Atkey, 1981). Of interest, V. lecanii 
is also an aggressive parasite of aphids and scale insects (Hall 
& Burgess, 1979); and isolates from rust pustules have been 
shown to infect aphids, and vice versa (Hall, 1980). 
Darluca filum (Biv. Bern. ex Fr.) Cast also characteristically 
grows on spore pustules of rust fungi, destroying mycelium and 
spores but not penetrating host hyphae (Swendsrud & Calpouzos, 
1972; Barnett & Binder, 1973). 
Sporodesmium scierotivorum Uecker et al and Coniothyrium minitans 
Campbell characteristically grow on the scierotia of plant 
pathogenic fungi. S. sclerotivorum was shown to parasitise 
scierotia of Scierotinia minor Jagger, S. trifoliorum Erikss., 
Botrytis cinerea Pers. ex Pers. and Scierotium cepivorum,. but not 
of Macrophomina phaseolina (Tassi) Goid, Scierotiurn rolfsii Sacc. 
and Rhizoctonia solani (Ayers & Adams, 1981). Coniothyrium 
minitans (Turner & Tribe, 1976) parasitised S. trifoliorum, 
S. scierotiorum, S. cepivorum, Botrytis cinerea, Botrytis fabae 
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Sardia, Botrytis narcissicola Kieb and Claviceps purpurea Fr. 
(Tul.), but not S. rolfsii, Sclerotiumdelphinii, Sclerotinia 
gladioli Drayton and Scierotinia tuliparum KIeb. 
Phlyctochytrium sp. attacks oospores of Peronospora tabacina 
Adam (Person et al, 1955) and also Scierospora sorghi Western & 
Uppal (Kenneth, Cohn & Bhahor, 1975) and the vesicular-arbuscular 
endomycorrhizal fungus Glomus macrocarpus (Ross & Ruttencutter, 
1977), 
Several other fungi have been reported to parasitise oospores; 
for example Hyphochytrium catenoides Karling, Humicola 
fuscoatra Traaen and Pythium monospermum Pringsh. (Humble & 
Lockwood, 1981); and Dactylella spermatophaga Drechsler and 
Trinacrium subtile Riess (Drechsler, 1938). 
Several fungi grow specifically on the fruit bodies 
(basidiocarps) of higher fungi. An example is Calcarisporium 
arbuscula (Tubaki, 1955; Watson, 1965) which is found only on 
fruit bodies of Lactarius and Russula spp. In addition, the 
basidiocarps of the Basidiomycotina can support growth of a 
large number of apparently non-specialised fungi which have 
been termed 'fungicolous fungi' (Tubaki, 1955). 
1.2.2 PhyBiology of the host-paraaite interaction 
Seveal factors can markedly influence the resistance of a 
fungus'to mycoparasitic attack. Barnett & Lilly (1962) found that 
C. roseum develops more profusely around younger hyphae and immature 
structures of numerous fungi than around some mature parts, which 
may become totally resistant. Fungal hosts of several other 
reported mycoparasites may be attacked in the immature parts but not 
in the older regions. England(1969) suggested that this is due to 
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change in wall thickness or perhaps in wall structure. The study of 
Jeffries & Young (1976) is relevant in this respect. They reported 
that in the interaction of Piptocephalis unispora Benjamin and 
Coke romyces recurvatus Poitras, the yeast phase èells of the latter. 
are not normally attacked by the biotrophic mycoparasite; the yeast 
cells have relatively thick (0.5 - 0.7 vim) fibrillar walls. In 
contrast a hypha developing from a yeast-phase cell is highly 
susceptible to infection; these hyphae are thin-walled (0.1 - 0.3 jim). 
The rate of development of the host fungus also influences the 
degree of parasitism, though in the review by Barnett & Binder 
(1973), it was stated that, in general, the favourable temperatures 
for both host and parasite fall within the same range. Temperature 
also affects the susceptibility of Mucor recurvus Butler (Butler, 
1957) to R. solani, but not directly; rather, darkly-pigmented and 
nrphologically different sporangiophores, which were never seen to 
be parasitised, were formed at 15 0C but not at 250C on some media. 
But these distinctive sporangiophores were also formed at 25 0C. on 
a medium of autoclaved wheat germ and they were then similarly 
resistant (Butler, 1957). Boosalis (1956) found that at 18 0C 
parasitism of R. solaniby Penicillium vermiculatum Dang. and 
Trichoderma spp. was negligible, but at 28 0C up to 18% of hyphae 
were parasitised. Turner & Tribe (1976) reported that at 20 0C, 
Coniothyrium minitans, a necrotrophic mycopàrasite, parasitised 
l00% of sclerotia of Scierotinia sclerotiorum within three weeks, 
but if the incubation temperature was lowered to 10 0C, then even 
after six weeks not all of the scierotia were parasitised. 
Host nutrition can also affect susceptibility to mycoparasites, 
and the ratio of carbon to nitrogen in the medium has been shown to 
be important. The biotroph Calcariosporium parasiticum grew 
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equally well on its host, Physalospora obtusa (Schw.) Sacc. 
regardless of the C : N ratio of the host medium, whereas 
Physalospora ilicis (Schleich.) Sacc., which is usually resistant, 
became susceptible in a medium high in available nitrogen (Barnett 
& Lilly, 1958). In contrast, parasitic growth by Gonatobotryum 
fuscum Sacc. was greater on media with relatively high C N ratios 
(Shigo, 1960; Bishop, 1964). Ayers (1935) demonstrated that the 
haustorial mycoparasite Dispira cornuta van Tiegh developedonly 
poorly on its host on media high in carbon, whereas parasitism was 
favoured on media rich in available nitrogen. Indeed Cokeromyces 
recurvatus supports no growth by D. cornuta on a medium with a high 
C : .N ratio (Bishop, 1964). Berry (1959) showed that specific 
nitrogen compounds can affect the development of some parasites. 
Parasitism by Piptocephalis virginiana Leadbeater & Mercer was 
favoured on media containing alanine, asparagine, glutamic acid or 
casein hydrolysate, but the fungus grew poorly when glycine, urea, 
ammonum sulphate, or ammonium tatrate were used instead. The 
degree of parasitism by P. virginiana has also been related to the 
amount of soluble nitrogen within the host rnycelium (Shigo, 
Anderson & Barnett, 1961). 
Butler (1957) found that good host and parasite nutrition 
appeared to be a requisite forinfection of host fungi byecrotrophic 
parasite R. solani. No infection occurred when both host and parasite 
were grown together on water agar. Some sugars, more than others, 
induced heavy parasitism of Mucorrecurvus and Rhizopus nigricans. 
Boosalis (1956) investigated the interaction of Penicillium 
vermiculatum and Rhizoctonia solani on agar media and in soils. In the 
in vitro studies, the host fungus cultured on PDA having 20 g dextrose 
per litre was severely parasitised by P. vermiculatum, and numerous 
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cleistothecia of the parasite were produced over the surface of the 
parasitised culture. The parasitic activity was sub8tantially reduced. 
when only 15 g dextrose per litre was included in the medium, and 
parasitism was negligible when 10 g dextrose was used. In this case 
P. vermiculatum extended over little of the Rhizoctonia colony and few 
cleistothecia were formed. Similar results were obtained on Difco malt 
agar when the same range of conditions was tested. Then, PDA plates 
were divided into 'low-level' (10 g dextrose) and 'high-level' (20 g 
dextrose) quadrants, two of each type per plate. When P. vermiculatum 
was inoculated onto low-level quadrants and R. solani onto high level 
quadrants, P. vermiculatum grew onto, and vigorously parasitised, the 
colony of Rhizoctonia. There was little invasion of the host hyphae, 
however, when the host and parasite were inoculated onto low-level and 
high-level quadrants respectively. Boosalis shoved that R. solani was 
parasitised on a sand medium containing only 0.3% (v/w) maize-meal, so 
he suggested that the kind or the amount of carbohydrate, and perhaps 
the C : N ratio of the PDA medium, were important factors affecting the 
incidence of parasitism. 
High parasitic activity has, however, been reported in in vitro 
studies using low nutrient medium; for example, a Cephalosporium 
species parasitises Drechslera teres on tap water agar as well as on 
natural substrata like seeds and straw (Kenneth & Isaac, 1964). 
Host resistance may be seen as an active response to the presence 
of a parasite. Butler (1957) observed that internal hyphae of 
R.solani were digested by the parasitised host, Rhizopus nigricans 
Ehrenberg. He also noted that callosity-formation appeared to confer 
some resistance upon a host. Callosities in fungi appear to be similar 
to the papillae, lignitubers or callosities in higher plants, where 
they are formed in response to infection by parasites (Aist, 1976). 
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They might protect the host hyphae by walling—off a penetrating 
parasitic hypha; they have been observed also in Mucor hiemalis 
Wehmeyer, apparently in response to invasion by two non—rnycoparasites, 
Fusarium solani (Martius) Sacciardo and F. oxysporum vatpisi Synder. 
1.3 MYCOPARASITISMBY P. OLICANDRUM, P. ACANTHICUM AND P. PERIPLOCUM 
As noted earlier, P. oligandrum, P. acanthicum and P. periplocum 
were suggested to be mycoparasites by Drechsler (1943, 1946). Tribe 
(1966) subsequently found no evidence of aggressive parasitism by 
P. oligandrum of cellulolytic fungi on cellulose film, but Deacon & 
Henry (1978) repeated parts of Tribe's work, further to studies on 
P. oligandrum (Deacon, 1976), and concluded that P. oligandrum, 
P. acanthicum and P. periplocum are aggressive mycoparasites. Deacon 
(1976) found that P. oligandrum could grow on cellulosic substrata in 
the presence of several cellulolytic fungi but not alone. When it grew 
well it markedly inhibited the growth of the other fungi. But, fungi 
differed markedly in apparent susceptibility to mycoparasitism by 
P. oligandrum. R. solani, for example, was resistant, F. roseum f, sp. 
cerealis (Cooke) Snyder & Hansen was moderately susceptible and 
Botryotrichum piluliferum was highly susceptible. Similarly, in 
studies on the wheat take—all fungus G,graminis (Sacc.) Arx & Oliver 
var tritici Walker and closely related fungi, Deacon found evidence of 
marked resistance (C.g. graminis), moderate susceptibility 
(g.var tritici and Phialophoragraminicola (Deacon) Walker).and' 
marked susceptibility (Phialophora sp.). Some fungi like 
Stachybotrys chartarum Corda and some of the Basidiomycotina were 
shown to antagonise P. oligandrum and were unaffected by it. Deacon' 
(1976) further showed that age of the 'host' colony influenced its 
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suscepti11ity to mycoparasitism by P. oligandrum; several fungi 
increased in resistance upon ageing and this was sometimes associated 
with normal production of melanised hyphae by the 'hosts'. As the 
hyphae or colonies aged still further, they showed an apparent 
increase in susceptibility, possibly associated with the tendency for 
older regions of the colonies to lyse. The mode of parasitism by 
P. oligandrum was investigated by Deacon (1976). Coiling of hyphae of 
P. oligandrum was commonly seen around hyphae of other fungi if these 
were resistant or only moderately susceptible to mycoparasitism. 
Coiling was never seen around hyphae of highly susceptible fungi; 
rather, these hyphae were found to lyse at an early stage in the 
presence of P. oligandrum. Deacon therefore concluded that hyphal 
coiling is indicative of at least partial resistance to P. oligandruin. 
In this regard it is notable that Drechsler (1943) reported coiling of 
P. oligandrum around hyphae of other pythia, and Deacon (1976) found 
Pythium spp. in general to be moderately resistant to mycoparasitism. 
In his work, Deacon discussed the definition of parasitism as given in 
Federation of British Plant Pathologists (1973): a parasite is "an 
organism wholly or partly dependent for its nutrition on the 
functioning tissues of a living host with which it lives in intimate 
association." He concluded that P. oligandrum meets the requirement 
of this definition. 
Deacon & Henry (1978) subsequently extended the work to include 
several isolates of P. acanthicum and P. periplocum. They showed that 
these behaved similarly to P. oligandrum in all respects, with the 
exception, however, of isolate IMI 136143 of P. acanthicum which did 
not parasitise other fungi and which differed In many respects from 
other isolates of P. acanthicum. For example, it was highly 
phytopathogenic, it could degrade filter paper cellulose and it could 
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not grow across agar plates precolonised by other fungi. This isolate, 
originally from diseased pineapple in Australia, fits the morphological 
criteria on which the species P. acanthicuin is based. Clearly, 
therefore, the morphological criteria used for species-delimitation do 
not always correlate with patterns of behaviour. Deacon & Henry (1978) 
developed the use of agar plates precolonised by other fungi for 
isolation of mycoparasites from soil. In addition to P. oligandrum, 
P. acanthicum and P. periplocum another Pythium sp., tentatively 
identified as P. scieroteichum Drechsler and with smooth-walled 
oogonia, was found to occur on precolonised agar plates to which soil 
had been added. The use of a hemp-seed bait in soil and subsequent 
plating of this bait Onto precolonised plates yielded a range of 
Pythium app. which subsequently grew partly or not at all across the 
precolonised agar and which were found to be phytopathogens. Their 
occurrence on the plates from soil inocula was ascribed to a high 
inoculum potential provided by the hemp seeds; these fungi were 
suggested to growly mainly, if not solely, from nutrients provided from 
the hemp. 
In further tests, Deacon & Henry (1978) found that the presence of 
P. oligandrum in pieces of autoclaved wheat straw restricted invasion 
of the straws by some fungi when straws were subsequently buried in 
soil. The fungi that did colonise straws after burial were mostly 
resistant' to mycoparasitism by P. oligandrum. 
Haskins (1963) studied the behaviour of an isolate of 
P. acanthicum (PRL 2142) which occurred as a contaminant on agar plates 
to which leaf material had been added in the course of studies on rust 
fungi. It was shown to be an aggressive mycoparasite with a host range 
of at least 78 species within several fungal groups. Some fungi were 
found to be resistant; for example Sclerotinia scierotiorum, 
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Coniophoraputeana, Polystictusversicolor (1.. ex Fr.) Fr., Darluca 
filum and Aspergillus niger van Tiegh; in addition, ten fungi 
inhibited the mycoparasite P. acanthicuni. Haskins, Tulloch &Mircetich 
(1964) and Child, Dfago & Haskins (1969) investigated the physiology 
of this fungus and found that it requiresexogenous sterots for sexual 
reproduction. Vegetable oils provided a source of these, and suitable 
•sterols were found to be -sitosterol or cholesterol or thosf with 
similar structures to these. 
Hoch & Fuller (1977) studied the interaction between P. acanthicum 
PRL 2142 and several fungal hosts, by means of light and electron 
microscopy, They found that parasitism was by direct penetration of 
hyphae, without formation of appressoria, and that the host fungi 
responded by forming papillae, which differed in ultrastructural 
features between different fungal hosts. Evidence was obtained for 
both mechanical and enzymic penetration of host cell walls. This work 
presents the fullest available account of mycoparasitism by Pythium 
spp. at the ultrastructural level. 
In several brief reports, P. oligandrum has been found to 
antagonise or control plant pathogenic fungi, notably other pythia 
/ 	(Vesel, 197< 1978a, b, c, d). He obtained control of P. ultimum and 
P.debaryanum on sugar beet seeds in laboratory conditions by pre-
inoculation with P. oligandrum. Subsequently he reported significant 
control of damping-off of sugar beet seed clusters when oospores of 
P. oligandrum were applied to the seeds and the seeds were subsequently 
planted into field soils. The degree of control was as good as that 
provided by seed protectant chemicals, like thiram (Vesel, 1979). 
1.4 AIMS AND SCOPE OF THE WORK IN THIS THESIS 
The work in this thesis was designed to extend knowledge of 
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mycoparasitism by Pythium spp. and, in particular, to investigate the 
following: 	 - 
I. 	The comparative physiology of rnycopatasitic and phytopathogenic 
Pythium spp., with a view to determining characteristic 
differences that might be specifically related to the mode of 
parasitism. 
The interactions of mycoparasitic Pythium spp. (P. oligandrum, 
P. acanthicum and P. periplocum) with other fungi, making use of 
growth conditions that would differentiate between the activities 
of the mycoparasites and their hosts. 
The ecology of P. oligandrum and other mycoparasites, with a view 
to determining their population levels and activities in soils. 
The behaviour of a Pythium sp. with non—echinulate oogonia 
(tentatively identified as P. scleroteichum), which was briefly 
reported by Deacon & Henry (1978) and was suspected to be a 




2 MATERIALS AND METHODS 
2.1 	CULTURE MEDIA 
Cornmeal agar (CMA) 	Cornmeal agar (Difco), 20 g; glucose, 20g; 
agar, 20g; distilled water, I litre. 
Gallic acid medium (GAN) 	Sucrose, 30 g; NaNO3, 2.0 g; MgSO4.7H20, 
0.5 g; KH2PO4, 1.0 g; yeast extract, 0.5 
g; thiamine lid, 2 mg; gallic acid, 425 
mg; rose bengal, 0.5 mg; water, 1 litre. 
Adjusted to pH 4.5. 
Malt extract agar (MEA) 	Malt extract, 20 g; glucose, 20 g; agar,. 
20 g; distilled water, 1 litre. 
Oatmeal agar (OMA) 	Oatmeal, 30 g; Agar, 20 g; distilled 
water, 1 litre. Thepowdered oatmeal was 
simmered for 1 hour, then squeezed through 
a muslin bag. 
Potato dextrose agar (PDA) Potato extract (Difco), 4 g; glucose, 20 
g; agar, 20 g; distilled water, 1 litre. 
Storage agar (SA) 	Oatmeal agar, as above, with the inclusion 
of 20 crushed hemp (Cannabis sativa) seeds. 
Water agar (WA) 	 Agar (Oxoid No. 3), 20 g; distilled water, 
I litre. 
Modified Schmitthenner' s 
medium 	 KH2PO4, 30 mg; K2HPO4, 30 mg; MgSO4.7H20, 
20 mg; CaC12 1  0.56 mg; MnCl2, 2.88 mg; 
ZnCI2 1  1.67 mg; FeC12, 0.10 mg; ethylene-
diaminetetra acetic acid (disodium salt), 
11.6 mg; sucrose, 0.41 mg; nystatin, 25 mg; 
streptomycin, 50 mg; agar, 20 g; 
distilled water, 1 litre. 
Mineral nutrients (MN) 	K112PO4, 1.23 g; K2HPO4, 0.17 g; MgSO4.7H20, 
0.5 g; FeC13.6H20, 1.0 mg; 	ZnSO4.7H20, 
0.9 mg; MnSO4.4H20, 0.4g; distilled 
water, I litre. 
Cellulolysis medium 	Mineral nutrients (MN), as above; NaNO3, 2 
g; thiamine lid, 100 jig; biOtin, .10 ig. 
2.2 	FIJNGAL CULTURES 
The, fungi used in this work, together with their origins and 
relevant accession numbersare shown in Table 2.1. They were normally 
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maintained by weekly subculturing onto plates of PDA incubated at 250C. 
The inoculum discs of the isolates were placed at the plate margins to 
enable a juvenile mycelial front to grow for longer than if the 
inocula were placed centrally. In addition, the fungi were stored on 
SA (section 2.1) under sterilised mineral oil in Universal bottles at 
4° C. 
Some fungi were isolated from natural environments during 
the study. The pythia were identified according to the keys and 
descriptions of Waterhouse (1968) but in this thesis the names 
recommended by van der Plaats—Niterink (1981) have been used if they 
supersede those of Waterhouse. 
Where species could not be determined accurately they were sent 
to the Commonwealth Mycological Institute, Ferry Lane, Kew, or to the 
Centraal Bureau voor Schimrnelcultures, Baarn, Netherlands. 
Table 2.1: Origins of fungal cultures 













P. anandrum CBS 285.31 
P. aphanfdermatum CBS 216.46 
P. butleri CBS 634.70 
P. debaryanum CBS 265.38 
P. graminicola CBS 327.62 
P. heterothallicum CBS 450.67 
CBS 451.67 
P. intermedium 	CBS 380.34 
CBS 221.68 
P. irregulare 	CBS 469.50 
CBS 250.28 
ex Solanum tuberosum 
ex soil near pond, Netherlands 
ex garden soil, Netherlands 
ex ditch water, Netherlands 
ex soil near ditch, Netherlands 
ex garden soil, Netherlands 
ex soil, Netherlands 
ex Passiflora edulis, Nannup, Australia 
ex Rheum rhaponticum 
ex Cucurnis sativus 
ex Solanum lycopersicum 
ex Beta vulgaris var altissuma 
= IMI 91329, ex Saccharum officinarum 
= ATCC 18197, T (male) ex soil under 
Sambucus 
= ATCC 18198, T (female) ex soil under 
Sambucus 
(-) ex Ricinus communis 
(+) ex soil, Netherlands 
ex root Lepidium sativum 



































































ex soil,. Netherlands 
= ATCC 11121 
ex soil, Cambridge, England 
ex J.W. Deacon, University of Edinburgh 
ex J.W. Deacon, University of Edinburgh 
ex J.W. Deacon, University of Edinburgh 
ex J.W. Deacon, University of Edinburgh 
= IMI 120418, ex soil under 
Saccharurn officinarum 
T, 
ex soil, Netherlands 
ex root Ipomoea batatas 
(homothallic) ex soil under 
Theobrorna cacao 
(-) 
= ATCC 18195, T (male) 
ex M.W. Dick 
(female), ex soil, Netherlands 
= ATCC 11123, ex Dioscorea batatas 
ex Lepidium sativum 
ex Solarum lycopersicum 
Stock culture collection, Botany School, 
Cambridge 
ex root Medicago sativa 











ex Dr J.T. Fletcher, A.D.A.S. Ministry 
of Agriculture, Fisheries and Food 
2.3 EXPERIMENTAL METHODS 
Full details of the procedures in individual experiments are 
presented at appropriate places in this text, but some of the methods 
common to several experiments are outlined here. 
2. 3.1 Nutritional 8tudiee 
2.3.1.1 Liquid culture 
For most of the work on nutritional requirements pythia were 
grown in medical flats of 150 ml capacity (120 mm in length) 
containing 10 ml culture medium. the basal medium (MN, section 2.1) 
lacked carbon and nitrogen sources; these, and other growth factors, 
were added as required and autoclaved in the bottles at 121 0C for 15 
mins. In some cases, e.g. for studies on carbon utilisation, the 
supplements were autoclaved separately before addition to the medium. 
Inocula of fungi consisted of plugs (5 mm diameter) cut from the 
margins of colonies on PDA or MEA plates. They-were placed centrally 
on one of the broad sides of each flat, which was then placed 
horizontally in the final position for incubation, to partly immerse 
the inoculum. The experiments were incubated in a growth room at 25 0C ± 
1°C. 	After different times, the fungal growth was assessed by visual 
inspection or measurement of colony extension along the length of the 
flats or as mycelial dry weight. For the latter determination, tins 
containing a single circle of filter paper were dried to constant 
weight at 800C (usually overnight), cooled and weighed. The -contents 
of the flats were filtered under suction through the filter paper 
circles placed flat in a Buchner funnel. The mycelium, which was 
collected on top of the filter paper, was washed in situ with 200 ml 
distilled water, and then the circles with fungal mycelium were 
replaced in tins and dried at 80 0C to constant weight. The dry weight 
.2. 
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of mycelium was found by subtraction of the final weight from the 
original dry weight of tin and filter paper circles, taking .Lnto 
account the dry weight of the agar inoculum disc (assumed to be 1mg). 
2.3.1,2 Grozot1 on filter paper 
The method of Deacon (1976), a modification of Garrett's (1966) 
technique, was used to study growth by pythia in single inoculations 
and in combined inoculations with other fungi. Wads of ten air—dry 
filter paper circles (Whatman No. 3, 7 cm diameter) were accurately 
weighed into 250 ml flasks and saturated with 20 ml cellulolysis 
medium (section 2.1). After autoclaving for 30 mins at 1210 C, the 
wads were inoculated at their margins with 11 mm agar discs of fungi, 
cut from the margins of colonies on PDA. In the case of dual 
inoculations, a cellulolytic fungus was allowed to grow for different 
periods of timebefore a Pythium sp. was placed alongside the original 
inoculum disc. After usually 7 weeks at 25 0C ± 1 0C, the flasks 
contents were oven dried to constant weight at 80 0C and weighed. 
After allowance for the weight of nutrients added, and the weight of 
water contained in air—dry filter papers, the loss in dry weight of 
the wads, approximating to the weight of material res,ired, was 
calculated. 
2.3.1,3 Growth on wheat—etrw..' 
The procedure was as described for filter paper wads except that 
each flask contained about 7 g air—dry wheat—straw, accurately 
weighed, which had been cut into pieces about 3 cm long. In addition 
an extra 10 ml distilled water was added to each flask to bring the 
straw to full saturation. 
2.3.1.4 Growth on cellUlO8e film 
Unlaquered cellulose film (Rayophane PU 525, supplied by British 
Sidac Ltd, Merseyside, UK) was cut into strips, 5 x 2 cm, and 
autoclaved in distilled water for 15 minutes at 121 0C, Usually two 
strips were placed in parallel on agar plates composed of cellulolysis 
medium with 20 g Bacto agar per litre. The strips were inoculated at 
one end with 5 sin diameter agar discs of test fungi, either singly or 
in paired combinations (Fig. 2.1). In the latter case a cellulolytic 
partner was allowed to grow for 24 hours before a Pythium sp. was 
added. In paired inoculations, the inocula were placed side by side 
and 5 mm apart. The plates were incubated at 25 0C and assessed after 
varying times. 
Figure 2.1: Inoculation of test fungi on strips of cellulose film, 





inoculated alone (PDA and P. oligandrum 
disc of active myceliuin) 
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Cellulolysis was assessed by means of a simple penetrometer 
which comprised a ball—point pen or dissecting needle with a small. 
plastic Petri dish attached to the top. The shaft of the needle or 
pen was supported in a length of hard plastic tubing (Fig. 2.2). The 
point was towered momentarily onto the cellulose film and raised again 
if it did not puncture the film, and weights were added progressively 
to the dish attached to the penetrometer until the film was punctured 
(Deacon & Henry, 1978). If any given weight was insufficient to cause 
puncturing, tIe penetrometer was raised, further weights were added 
and it was lowered at an adjacent point on the film. In this way it 
was hoped to reduce inadvertent weakening of the film either by 
leaving the penetrometer in position while adding more weights, or by 
repeatedly probing the same position. In one experiment, the method 
was slightly modified: the point of the penetrometer was rested on 
the film and water was added gently from a titrating burette into the 
supported Petri dish until the film was punctured. In all cases the 
weight required to cause puncturing was recorded for usually eight 
points spaced 5 mm apart along the length of the strip. 
2.3.2 Interactione 
In various experiments the interactions of mycoparasitic or 
suspected mycoparasitic Pythium spp. with other fungi were studied on 
wads of filter paper, flasks of wheat—straw and strips of cellulose 
film, which were prepared as outlined in section 2.3.1. In additian, 
the interaction of P. oligandrum with other fungi in liquid medium was 
studied, the procedure being as described in 2.3.1.1 except that an 
inoculum disc of P. oligandrum was introduced on the margin of an - 
established colony of another fungus, with minimal disturbance to the 
contents of the medical flats. Also, fungi were opposed on plates of 
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'Opposed' inocula 
'Host' fungus under  
test 
' Juxtaposed' inocula 
'Host' fungus •under 
test 
Inoculum of P. oligandrum 
Inoculum of 
P. oligandrurn 
Figure 2.2: De8ign of penetrometer used to determine mechanical strength 
of cellulose film 
_Tray; weights placed 
on this 
Shaft 
Outer supporting tube 
Figure 2.3: Interactions on agar: positions of inoculum of test fungus 
relative to those of P. oligandrum 
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potato dextrose agar containing 15 ml agar medium per 90 mm Petri 
dish. For this, the fungi were inoculated at opposite sides of the 
plates and observed periodically until the colonies made contact, 
then the region in which they made contact was marked on the base of 
the Petri dish and in subsequent observations the extent of growth of 
each partner into the opposing colony was measured microscopically. 
Inocula were also placed in juxtaposition (Figure 2.3) and the 
inhibition or stimulation of growth by either fungus was noted. 
A variation of this procedure involved enabling one fungus 
completely to colonise the agar plates from marginally placed inoculum 
discs. When the colony margin reached the farther side of the plate 
an inoculum disc of the second fungus - usually a Pythium sp. - was 
placed on usually the youngest margin of the plate. Growth was 
assessed microscopically when possible but an indirect method also was 
used (Deacon, 1976). For this, parallel lines 5 mm apart were marked 
on the base of the plate such that the centre two lines included a 
strip of agar occupied by the two inoculum discs. At intervals after 
the second fungus was added, strips of agar were removed aseptically, 
the centre one being removed last. The strips were cut into 5 mm 
lengths starting furthest from the inoculum of the mycoparasite and 
the small squares of agar obtained in this way were incubated, spaced 
apart, in a humid chamber. Seven days later these squares were scored 
for the presence/absence of reproductive structures of the 
mycoparasite. It was thus possible to assess to within 5 mm, the 
extent of growth of the mycoparasitic Pythium spp. over the 
precolonised agar. When it was known that the first fungus would not 
support production of reproductive structures by Pythium, a small 
block, 5 mm square, was cut from a nonparasitised colony of 
Phialophora sp. (lobed hyphopodia) and was placed adjacent to, and 
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touching, each "test" block, so that the mycoparasite, where present, 
could invade the block containing Phialophora and form oogonia on it. 
2.3.2.1 Preparation of &vnplee for electron microacopy 
For examination of interactions by electron microscopy, clean, 
sterile microscope slides were dipped into molten cooled agar, and 
were then removed and the agar was allowed to set as a thin film. One 
side of each slide was wiped clean and the other was inoculated with 
selected fungi and incubated at room temperature. The material was 
then immersed in 2% potassium perrnanganate solution for 10 minutes and 
rinsed in two changes of distilled water. The slides were then dipped 
into molten water agar and removed, so that a film of water agar 
formed as a protective layer over the mycelia. They were then re-
immersed in 2% potassium permanganate solution for 45 minutes and 
rinsed in several changes of water until the stain had been removed 
from the non-colonised agar. 
For fixation the slides were taken through an ethanol series: 
15 minutes in 25°!., 50°!. and 75% solutions respectively, and then 30 
minutes in 100°!. ethanol. Small pieces of agar were then cut from the 
slides in areas, of interest, as determined by light microscopy, and 
embedded as follows. The agar pieces were inmrersed for 12 hours in INC 
1010' Spurr low-viscosity embedding mixture, diluted 1 	1 (v/v) with 
absolute alcohol; the vials containing this mixture were sealed. 
Then the mixture was replaced with full-strength embedding medium,. 
with four successive changes at 12 hour intervals, and finally, the 
agar blocks were transferred to flexible embedding trays containing 
the embedding medium, and this was allowed to polymerise at 60 0C for 
48 hours. 
2.3.3 Selective £solattons from eoil and other natural materiala 
For the isolation of P. oligandrum from soils and other natural 
materials and for the detection of mycoparasitic Pythium species in 
the interaction studies (section 2.3.2), the method of Deacon & Henry 
(1978) was followed. Petri dishes were filled with 15 ml PDA and 
inoculated at the margin with an agar disc of Phialophora sp. (lobed 
hyphopodia), isolate IMI 187786. When the plates were just completely 
colonised, about 500 mg soil (fresh weight) or an equivalent volume of 
organic matter to be tested was placed at the edge of the plate on the 
youngest margin, After usually 7 days' incubation at about 25°C the 
presence of P. oligandrum was assessed microscopically by the presence 
of characteristic spiny oogonia across the agar. The plates were then 
re-incubated for a further 14 days, and re-examined for the presence 
of reproductive structures of P. oligandrum, but also of other 
mycoparasites. Pure cultures of P. oligandrum and other fungi were 
obtained by cutting small squares of agar, not immediately adjacent to 
the soil inoculum, and placing these on fresh PDA or, in some cases, 
by subculturing onto further plates precolonised by Phialophora sp. 
2.3.4 Most Probable Nwnber (MPN) method for estimation of 
Pythium populations in soil 
Soils to be tested were first crushed and sieved through 1 mm' 
mesh, theñ.air-dried at room temperature. Usually three replicated 3 g 
samples of soil were serially diluted with sterile washed sand 
composed of particles 0.1 - 1.0 mm diameter. The method consisted of 
adding the soil inoculum to an equal weight of sterile washed sand in. 
a small bottle, and shaking and rolling this for 1 minute to achieve 
complete mixing. Half of the mixture was then added to a further 3 g 
sand and the process repeated, and so on down a two-fold dilution 
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series. Four, 500 mg aliquots of soil/sand mixture of each dilution 
were placed on the margins of four replicate plates precolonised by 
Phialophora sp. (lobed hyphopodia) (section 2.3.4) or, in one 
experiment, on these and on similar plates precoloniséd by Fusarium 
culmorum, G. graminis var graminis and C. graminis var tritici. After 
preliminary tests, this procedure was modified, for economy of 
materials. The inoculum of Phialophora was placed centrally, and the 
colonised agar plates were then quartered so that each quarter was 
similar in all respects to all others. The quarters were transferred 
to separate clean, non—sterile Petri dishes and these segments of agar 
d Lk1ic 
were used for plating of the soil samples from eacbk after complete 
randomisation. After 7 and 14 days' incubation at 25 0C, each plate 
was scored for the presence of P. oligandrum. 
On the basis of the total numbers of 'positive' plates for the 
dilution series of each replicate soil sample, the number of propagules 
in the original soil was estimated, using Table V111 2 in Fisher & Yates 
(1963). The estimate of the number of propagules, A, in the sample of 
soil at the lowest dilution was calculated according to the equation 
log A = x log a - K, where x is the 'mean fertile level', i.e. the total 
number of plates on which the fungus was detected in the dilution 
series, divided by the number of replicate 'detector' plates at each 
level; a is the dilution rate (2—fold) and K is a tabular entry 
dependent 'on x• 	The average value of the variance of the mean fertile 
level is log 2 , and that of log A is (1/n) log a log 2. 
nioga 
2.3.5 Procedure for the survey of P. .oligandrum and other 
mycoparasites in natural aites 
During the period of this study, a large number of natural sites 
were sampled and assessed for the presence of P. oligandrum and other 
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reported or suspected mycoparasites. The method of sampling, and the 
appropriate tests used to determine the presence/absence of each 
fungus, and characteristics of the sites are described fully in 
section 5.3.3. The pH of the soil or other material was determined by 
adding 2 parts of it by weight to 5 parts of a solution of O..O1'M 
CaC1 2 .2H 20. 	After thorough mixing, the material was al1owedZto 
settle during 15 minutes, the liquid was decanted and its pH was 




3. PHYSIOLOGY AND NUTRITION OF MYCOPARASITIC PYTHIA 
3.1 	INTRODUCTION 
As described in the general introduction(section 1.2.2), 
several workers have shown that the outcome of the host—parasite 
interaction involving mycoparasites can be influenced by external 
environmental factors, including the nature of the growth medium (e.g. 
Boosalis, 1956; Butler, 1957; Shigo, 1960; Griffith & Barnett, 
1967). In addition, in the case of biotrophic inycoparasites there is 
evidence of physiological specialisation in their mode of life insofar 
as mycoparasites often show a particularly high requirement for 
individual vitamins and amino acids, and some require an unidentified 
factor termed 'mycotrophein' which can be supplied by the hosts 
(Whaley & Barnett, 1963). 
Deacon (1976)and Deacon & Henry (1978) found that the 
mycoparasitic pythia form a behavioural group different in many ways 
from a range of plant pathogenic Pythium species. For example, the 
mycoparasites showed the ability to colonise agar media previously 
colonised by Phialophora sp. (lobed hyphopodia), suggesting a high 
degree of tolerance of the staling products of microbial growth and 
suggesting also an adaptation to utilise or tolerate low nutrient 
levels. There have been few attempts specifically to investigate the 
physiology of necrotrophic mycoparasites in comparative studies with 
non—mycoparasites. The genus Pythium seemed to offer an ideal 
opportunity to do this, in view of the fact that there are many 
different species of Pythium and at least three of them are known or 
suspected mycoparasitic species. The work in this section was 
undertaken to obtain a comparison of the behaviour of P. oligandrum, 
P. acanthicum and P. periplocum, as a group, with that of phyto- 
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pathogenic pythia. Moreover it was intended to compare within the 
mycoparasites the behaviour of the individual species. Previous work 
of Deacon & Henry (1978) suggested that they are behaviourally similar 
fungi. distinguishable by morphological characters but with few, if 
any, obvious differences in behaviour. 
During the course of this work, a further type of suspected 
mycoparasitic Pythium sp. was frequently isolated from soil. It 
differed from P. oligandrum, P. acanthicum and P. periplocum in, among 
other things, its production of smooth—walled (non—echinulate) 
oogonia. Its taxonomic identity is uncertain, though on morphological 
grounds it has been identified as possibly P. acleroteichum Drechaler 
(Dr Jean Stamps, Commonwealth Mycological Institute, Kew) and as 
possibly P. vexans de Bary (Dr A.J. van der Plaats—Niterink, 
Centraalbureau voor Schimmelcultures, Baarn, Netherlands). The 
behaviour of this fungus was also compared with that of P. oligandrum, 
and a brief description of its morphology and cultural characteristics 
is included in this section. 
3.2 PYTHIUM OLICANDRUN, PYTHIUMACANTHICIJM AND PYTHIUN PERIPLOCIJM 
3.2.1 Nitrogen and vitamin requirements 
The nutritional requirements of several Pythium spp. were 
investigated by Leonian & Lilly (1938) and Ridings etal (1969). 
Their work included isolates of the mycoparasitic species though 
without reference to whether or not the isolates themselves were 
mycoparasites. In the experiments that follow, all of the isolates of 
P. oligandrum, P. acanthicum and P. periplocum were known to behave as 
mycoparasites, and they were compared with a range of non—myco-
parasitic Pythium spp., some behavioural aspects of which had also 
been investigated (Deacon, 1976; Deacon & Henry, 1978; Deacon, 1979). 
4 4 . 
3.2.1.1 Growth on nitrate—nitrogen in liquid culture 
Medical flats containing 10 ml basal medium (MN, section 2.1) 
supplemented with D—glucose (20 g/l) and NaNO3 (2g/1) were inoculated 
with a'.wide range of Pythium spp. and incubated at 25 0C (section 
2.3.1.1). Mycelial dry weights after 11 days' incubation are shown in 
Table 3.1. 
All tested isolates of thirteen species grew well in these 
conditions, though the final mycelial dry weights showed a range 
from 11 - 48 mg. During incubation, it was noted that colonies of 
P. intermedium and P. heterothallicum grew more slowly than the 
others across the medium and they did not completely cover the base 
of the flats by the sampling time. In all other cases among the 
thirteen species that grew, there was complete cover, the 
differences in mycelial dry weight reflecting mainly the density of. 
the colonies. Three species - P. anandrum, P. periplocum and 
P. oligandrum - made no measurable growth, and no visible growth was 
seen even after prolonged incubation (20 days). In two other 
species, P. acanthicum and P. vexans, the isolates behaved 
differently, one from another. Thus one isolate of P. vexans (CBS 
270.68) grew well whereas the other (CBS 455.62) made no growth 
(Table 3.1). Microscopical investigation of these isolates 
confirmed that both were referable to P. vexans on morphological 
grounds. In the case of P. acanthicum, most isolates made no growth 
but one isolate (IMI 136143) made substantial growth in the medium. 
This isolate is known to differ from the others in several respects 
(e.g. Deacon & Henry, 1978) even though it is placed in 
P. acanthicum on morphological grounds. This point will be 
discussed further at a later stage. 
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Table 3.1: 	Mycelial dry weights* (mg) of Pythium spp, incubated for 11 
days at 25 0C in a mineral salts medium with glucose and 
nitrate-nitrogen. 
P. mamillatum P. ultimum 
CBS 381.34 47 ± 5.4 P 38 30± 9.8 
CBS 210.68 43 ± 9.0 CBS 291.31 27 .± 10.9 
CBS 209.68 35 ± 11.5 CBS 398.51 21 ± 	8.1 
PRL 2595 23 ± 9.3 CBS 656.68 21 ± 	33 
P. 	sylvaticum P. splendens 
CBS 452.67 43 ± 1.7 CBS 269.69 26 ± 	6.1 
IMI 211456 40 ± 10.1 CBS 265.69 24 ± 	4,4 
CBS 633.67 29 ± 6.3 
CBS 232.68 26 ± 3.4 P. spinosum 
PRL 2146 18 ± 	1.3 
P. intermedium 
CBS 380.34 40 ± 15.5 P. graminicola 
CBS 	221.68 11 ± 3.0 CBS 327.62 17 	± 	1.5 
11H 1 11 ± 1.5 
P. scleroteichum 
P. debaryanum CBS 294.37 15 	± 	2.4 
CBS 265.38 39 ± 9.4 
P. anandrum 
P. aphanidermatum CBS 285.31 0 
CBS 216.46 36 ± 3.1 
P. acanthicum 
P. butleri IMI 136143A 27 	±12.3 
CBS 634.70 25 ± 10.1 CBS 377.33 0 
CBS 429.68 0 
P. vexans CBS 430.68 0 
CBS 270.68 32 ± 12.7 CBS 431.68 0 
CBS 455.62 0 CBS 432.68 0 
CBS 434.68 0 
P. heterothallicum 
CBS 450.67 30 ± 6.2 P. perip1ocum 
CBS 451.67 25 ± 7.4 CBS 170.68 0 
CBS 289.31 0 
P. irregulare CBS 532.74 0 
CBS 469.50 30 ± 3.2 
CBS 250.68 	21 	± 	5.5 	P. oligandrum 
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* means of 3 replicates ± S.E. 
L atypical isolate 
46. 
[I] 
51 ± 8.4 	51 ± 7.9 	27 ± 2.3 	- 
Excluding isolate IMI 136143, therefore, the mycoparasitic 
pythia and one isolate each of P. anandrum and P. vexans behaved 
differently from all other tested isolates; they could not grow on 
nitrate-nitrogen in the conditions of this experiment. 
In the next experiment (Table 3.2) the fungi that did not grow 
on nitrate-nitrogen were tested in the presence or absence of 
thiamine, supplied as thiamine hydrochloride at 100 pg/mi. All other 
experimental conditions were as before. Two other Pythium species, 
P. mamillatum CBS 209.68 and P. butleri. CBS 634.70, were included for 
comparison. Myceliat growth was assessed after 10 and 20 days at 25 0C. 
Table 3.2: Mycelial dry weights (mg)* of Pythium spp. incubated at 
25 9C for 10 or 20 days, in glucose-nitrate-mineral salts 
medium in the presence/absence of thiamine. 
10 days 	 20 days 







IMI 78731 	) 
) 
P. acanthicum 	) 
CBS 434.68 ) 
) 
P. pe42]ocum 	) 
CBS 532.74 ) 
P. mamillatum 
CBS 209.68 
4±0.4 	46± 9.8 
7 ± 1.8 	23 ± 3,3 
I ± 1.1 	23 ± 2.5 
0 ± 0.9 	29 ± 8.8 
P. butleri 
CBS 634.70 	37 ± 12.6 	35 ±11.0 	19 ± 4.8 	19 ± 45 
* means ± S.E., 4 replicates 
- represents no measurement made 
P. mamillatum and P. butieri behaved as before; they grew well 
on nitrate—nitrogen and showed no growth response to added thiamine. 
Both fungi raised the pH of the medium; from an initial value of.4.9, 
to 6.5 (P. mamillatum) or 6.2 or 5.4 (P. butleri (in the absence or 
presence of thiamine respectively) after 10 days. P. vexans (CBS 
455.62) and P. anandrum (CBS 265.31) showed little or no growth in the 
absence of thiamine and in these conditions they did not change the 
pH. But they grew well in the presence of thiamine, raising the pH to 
6.1 (P.vexans) and 5.5 (P1 anandrum) after 10 days. Their failure to 
grow in the previous experiment (Table 3.1) was, therefore, due to a 
requirement for thiamine. In contrast, P. oligandrum, P. acanthicum 
and P. periplocum made no growth in this experiment. An interesting 
feature of the results (Table 3.2) is that mycelial dry weights were 
markedly and consistently lower after 20 days than at 10 days; this 
weight loss on further incubation was perhaps a result of autolysis. 
There was no visible evidence of autolysis but microscopical 
examination of hyphae showed extensive vacuolation. 
3.2.1.2 Growth on an orgc,210 nitrogen—aource 
The behaviour of P. oligandrum, P. acanthicum and P.periplocum 
was studied further, with P. sylvaticum, P. mamillatum and P. ultimum 
for comparison. The experimental conditions were similar to those 
above. In the first such experiment, the three mycoparasites were 
compared with P. sylvaticum in basal medium (MN, section 2.1) 
variously supplemented with NaNO3 (2 g/l) or asparagine (1.51 gIl) and 
a complex of nine vitamins: thiamine hydrochloride, 400ig/1; 
biotin, 2 pg/l; calcium panthothenate, 400 pg/I; folic acid, 2 pg/I; 
inositol, 2000 pg/l; niacin, 400 pg/l; p—aminobenzoic acid, 200 p 
g/l; pyridoxin hydrochloride, 400 pg/i; riboflavin, 200 pg/i. The 




sources were added after the medium had been autoclaved and cooled. 
In all cases glucose was supplied at 20 g/l. In the second such 
experiment, a range of inorganic nitrogen sources was tested in a 
medium supplemented with thiamine (100 pg thiamine hydrochloride) as 
the sole vitamin source. The nitrogen sources were as follows: NaNO3, 
2.0 g/l.; KNO3• 0.5 or 5.0 g/l; (NH 4) 2SO4, 1.2 g/l; NH00 3 , 1.9 
g/l. These amounts were calculated to provideequivalence of nitrogen 
concentration in the different media,€ccqF for 1koc wJA Kt'J03 . 
In both experiments the medical flats were incubated for 22 days 
at 250C. Visual inspection showed that the differences in growth were 
clear-cut, with a single isolate either making substantial growth or 
none at all. 
Table 3.3: Composite results of experiments to test growth of 
different Pythium spp. on various nitrogen sources in the 
presence of a vitamin mixture, in liquid culture. 
Asparagine 
No 	+ 
NaNO3 KNO3 (N}L4)2SO4 NH 4NO 3 vitamins vitamins 
P. oligandrum 
IMI 78731 	 0* 	0 	0 	0 	(+) 	+ 
9a 	 0 0 0 0 (+) + 
P. acanthicum 
CBS- 429.68 0 	0 	0 0 	(+) 
CBS 430.68 0 - - - (+) + 
P.periplocum 
CBS 532.74 0 	- 	- - 	 (+) + 
P. 	sylvaticum 
INI 211456 + 	- 	- - 	 + + 
CBS 232.68 + - - 4 + 
P. mamillatum 
CBS 209.68 + 	+ 	+ + 	 -4 + 
P. ultlmum 
CBS 656.68 + 	+ 	+ + 	 + + 
* +, presence; 0, absence; (+), slight growth; -, no test. 
20 days at 25 0C, results based on 3 replicates. 
Mycelial dry weights were obtained at the end of the 
experiments, but the results are presented in Table 3.3 as presence 
(+) or absence (0) of growth. 
The phytopathogenic species, P. sylvaticum, P. 'ultimum and 
P. mamillatum, where tested, grew well in the presence of all 
inorganic nitrogen sources as well as in the presence of asparagine. 
The mycoparasites, however, grew on none of the inorganic nitrogen 
sources. They made only trace amounts of growth on asparagine in the 
absence of vitamins, this growth being insufficient to be detected as 
mycelial dry weight but it was seen by visual inspection. Theymade 
substantial growth on the medium supplemented with asparagine and 
vitamins. 
3.2.1.3 Effects of varioua supplements on growth of P. oligandrum 
In the .previous experiment, the amount of mycelial growth 
produced by the mycoparasites in a medium supplemented with glucose, 
asparagine and thiamine was small compared with that of the other 
Pythium spp. The colonies of the mycoparasites remained compact and 
were seen to slow or stop before even half of the base of the flats 
had been colonised. Various further supplements were now tested alone 
and in combination to see if growth by P. oligandrum IMI 78731, 
representative of the mycoparasites, could be improved. 
To the basal medium was added one or more of the following 
(amounts 'per litre): dextrose (20 g), cellobiose (20 g), NaNO 3 (2 g), 
L—asparagine (1.51 g), Bacto yeast extract (0.5 g), thiamine 
hydrochloride (100 pg), cholesterol (60 mg), calcium nitrate (400 Mg), 
and further trace element supplements.' Growth by P. oligandrum was 
measured as mycelial dry weight after 20 days at 25 0C (Table 3.4). 
The fungus made no growth in media with NaNO 3 as the nitrogen 
source, even in the presence of, for example, glucose, calcium ions, 
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thiamine and cholesterol. Slight visible "wispy" growth occurred on 
the medium with NaNO3 and yeast extract in the absence of another 
carbon source, but it was not detected as mycelial dry weight. 
Evidently the yeast extract could supply a very low level of the 
necessary carbon and nitrogen sources for growth. Good growth 
occurred on nitrate in the presence of yeast extract and dextrose, 
and similarly good growth occurred on a combination of yeast extract 
and dextrose alone. So it was concluded that yeast extract enabled 
growth by providing a source of nitrogen as well as, presumably, of 
vitamins. No growth occurred on asparagine in the presence of 
thiamine alone or on asparagine in the presence of dextrose alone, but 
growth did occur when asparagine, thiamine and dextrose were combined. 
The amount of growth was, however, significantly lower than in media 
supplemented with yeast extract as a vitamin and nitrogen source. It 
seems, therefore, that asparagine alone cannot supply a carbon source 
and that it cannot circumvent the need for added thiamine, but it 
provides a suitable nitrogen source for P. oligandrum, Cholesterol 
increased growth slightly but not significantly on the asparagine-
dextrose—thiamine medium. 
The results in this experiment were puzzling in one respect, 
namely that the amounts of growth recorded as mycelial dry weights 
were uniformly low compared with values sometimes recorded for other 
fungi or indeed for other Pythium app. (see, for example, Table 3.1). 
The experiment was, therefore, repeated, to include some, combinations 
of nutrients not previously used, and more precise visual estimates of 
growth were made by recording the length of the medical flat colonised 
from the centrally placed inoculum (the colony diameter being 
restricted by the walls of the bottles) and also by categorising the 
density of the colony as visually assessed (Table 3.5). The 
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categories 'medium' and especially 'thick' were used to denote 
obviously luxurious growth in at least part of the colony - usually 
near its centre. Thus it was possible to record which media supported 
initially good growth even if this was not sustained. 
Table 3.4: Mycelial dry weight (mg)* of P. oligandrum (IMI 78731) 
after 20 days at 25°C in a liquid basal medium with 
various supplements. 
Supp lements 
NaNO3 + dextrose 
NaNO3 + dextrose + Ca2+ + thiamine + cholesterol 
NaNO3 + cellobiose + Ca 2+ + thiamine + cholesterol 
+ further microel.ements 
NaNO3 + yeast extract 
NaNO3 + dextrose + yeast extract 
Dextrose + yeast extract 
Asparagine + thiamine, 
Asparagine + dextrose 
Asparagine + dextrose + thiamine 
Asparagine + dextrose + thiamine + cholesterol 
Asparagine + cellobiose + thiamine 




15 ± 3.7 
18 ± 1.8' 
0 
0 
7 ± 1,1 
10 ± 1.7 
11 ± 0.9 
15 ± 1,8 
* means ± S.E. for 4 replicates. 
The final rows in Table 3.5 show growth made by P. oligandrum 
(xMl 78731) on potato extracts in the presence or absence of glucose. 
It is seen that the fungus grew poorly in the absence of supplementary 
glucose but reasonably well in its presence - especially on the 'home-
made' potato extract. Difco potato extract supported much less growth 
than did home-made extract, and home-made extract from peeled potatoes 
supported better growth than did extract from unpeeled potatoes. 
In comparison with the best growth on potato extract, the' other 
media tested supported substantially less growth. Again, the results 
show that nitrate-nitrogen was unsatisfactory but either asparagine or 
yeast extract could provide a suitable nitrogen source. Either 
glucose or cellobiose could be used as carbon sources, but asparagine 
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or yeast extract alone were unsatisfactory carbonsources (at least at 
the concentrations used). Cholesterol seemed often to enhance growth 
when this was assessed visually, but the reverse trend was seen in 
determinations of mycellal dry weight (Table 3.5). 
In a few cases there were anomalous results for mycelial dry 
weight, most notably in the case of the commercially available potato 
extract (Table 3.5). These anomalies cannot satisfactorily be 
explained, though they reflect the general pattern seen in this 
experiment, namely that P. oligandrum may 	produce little detectable 
weight of mycelium even in cases where it apparently grows well in 
linear dimensions. 
Visual observation of colonies during the experiment showed that 
in the glucose—asparagine—yeast extract medium, for example, growth 
was initially good but decreased perceptibly after 5-6 days and little 
further extension took place. At this stage, the pH (initially 5,8) 
had increased to only 6.1, so inhibitory pH levels could be excluded 
as a possible explanation. Oxygen levels should not have been 
inhibitory because the screw caps of the bottles were loose and some 
other pythia grew well. Furthermore, the cessation of growth, could 
not be attributed to nutrient exhaustion, because the addition of 2 ml. 
fresh culture medium to the flats 2 to 3 days before extension ceased 
had no stimulatory effect. The cause of growth cessation was perhaps 
auto—inhibition, i.e. staling. Various supplements (notably 
cholesterol) enabled linear growth to continue (Table 3.5) such that 
the colonies attained larger sizes. They were also more dense, but 
stilithey did not cover the base of the flats - only in the presence 
of home—made peeled or non—peeled potato extract was complete cover 
obtained (Table 3.5). 
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Table 3.5: Mycelial dry weight (mg)* of P. oligandrum (IMI 78731) 
after 19 days at 25 0C in a liquid basal medium with 
various supplements. - 
Treatment Colony appearance Mycelial dry .  
Colony Colony weight (mg) 
length dens ity* 
(mm) 
Glucose (17.) + NO3 + vitamins 2 VT 0 (+3 	± 1.3) 
Glucose 	(1°!.) + NO3 + vitamins p1!6 1 VT 0 ± 0.4 
Glucose 	(la,.) + NO3 + yeast extract 33 TI! 15 	± 7,9 
Glucose (1%) + NO3 + yeast extract 
+ cholesterol 110 TI! 11 ± 32 
NO3 + yeast extract 	
7 
40 VT 0 ± 1.6 
Yeast extract 40 VT 0 ± 1.7 
Glucose (17.) + yeast extract 40 M/T11 12 ± 2.7 
Cellobiose (17.) + NO3 + vitamins 2 VT 0 ± 3.2 
Cellobiose (1%) + NO3 + vitamins pH 6 10 VT 10 ± 1.7 
Asparagine + thiamine 20 VT 0 ± 1.5 
Asparagine + yeast extract 47 VT 0 ± 0.9 
Asparagine + yeast extract pH 6' 25 VT 0 ± 0,5 
Asparagine + thiamine + yeast 
extract pH 6 2 VT 0 + - 0.5 
Glucose (0.5%) + asparagine + thiamine 65 M 7 ± 2.3 
Glucose (0.5%) + asparagine + thiamine 
pH6 60 M/TH 8 ± 0.8 
Glucose (1%) + asparagine + yeast 
extract 32 TI! 13 ± 2.2 
Glucose (0.5%) + asparagine + yeast 
extract 55 TI! 15 ± 1.8 
Glucose (17.) + asparagine + yeast 
extract + cholesterol 90 TH 10 ± 0.8 
Glucose (0.5%) + asparagine + 
thiamine + cholesterol 75 TI! 12 ± 3.3 
Cellobiose (1%) + asparagine + 
thiamine 35 TH 11 ± 0.9 
Cellobiose (17.) + asparagine + yeast 7 
extract 47 TI! 15 ± 1.6 
Potato extract, freshly made, peeled 7 
tubers 90 M 6 ± 2.5 
Potato extract, freshly made, peeled 
tubers + glucose (17.) 120 M/TH 16±3.1 
Potato extract, freshly made, unpeeled 
tubers + glucose (1 °!.) 120 TI! 11 ± 3.6 
Potato extract, processed (Difco) 35 M 0 ± 4.1 
Potato extract, processed + glucose 
(17.) 35 TH 6 ±2.6 
* VT, very thin; M, moderately thick; TI!, thick. See text for 
detai is. 
(jSQ4 1-0 p4 (, 	kL. i.Jco 	 7 
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3.2.2 Utiliaation of carbon aourcea 
3.2.2.1 Soluble carbohydratea 
Work on the higher fungi in general and on biotrophic plant 
pathogenic fungi in particular, has shown the common occurrence of the 
"fungal carbohydrates" like trehalose and acyclic sugar alcohols 
(polyols) in fungal mycelia (Lewis & Smith, 1967; Lewis, 1974). 
There is relatively little information for the lower fungi: members 
of the Zygomycotina seem in general only to have trehalose, though 
Evans, Curtis & Cooke (1981) recently showed the presence of. the sugar 
alcohol ribitol in several species examined. The Oomycetes, in 
contrast, may contain the typical "plant sugars" like sucrose, 
fructose and glucose. 
Part of the work in this section was done to see if the 
mycoparasitic pythia use a wider or different range of carbohydrates 
than do phytopathogenic species, and thus to see if carbon nutrition 
could be related to ecological behaviour. 
MN basal medium, as before (section 2.1), was supplemented with 
L—asparagine (1.51 g/l) and thiamine hydrochloride (100 ig/1). The 
medium was distributed to flats and autoclaved; carbon sources were 
prepared as solutions in distilled water and autocl.aved separately, 
being added aseptically to the flats to give final concentrations of 
1% (w/v). Glucose, cellobiose, trehalose, D—arabinitol and mannitol 
were used in the experiment, and the growth of fourmycoparasitic 
isolates was compared with that of four representative phytopathogens. 
The flats were inoculated as before, and mycelial dry weights were 
recorded after 14 days at 25 0C (Table 3.6). 
The phytopathogens grew well on glucose and cellobiose but 
poorly, if at all, on arabinitol and mannitol. They showed different 
behaviour, one to another; on trehalose, for example, P. ultimum and 
55, 
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P. mamillatum grew well on this carbon source whereas P. sylvaticuin 
grew poorly. 
Table 3.6: Mycelial dry weights (rng)* 'of four non-inycoparasitic 
pythia and three mycoparasitic pythia after 14 days at 25 0  
C in an asparagine-mineral nutrient-thiamine medium 
supplemented with different carbon sources. 
No carbon Glucose Cellobiose Trehalose 	D- 	Mannitol 
(control) 	 Arabinitol 
P. ultimum 
CBS 291.31 8 ± 4.5 22 ± 3.4 18 ± 1.9 23 ± 11.8 6 ± 0.9 6 ± 2.2 
P. mamillaturn 
PRL 2595 7 ± 1.2 24 ± 9.2 20 ± 2.4 18 ± 4.4 4 ± 0.7 6 ± 1.0 
P. intermedium 
llH 7 ± 2.1 23 ± 2.1 25 ± 3.0 15 ± 2.9 5 ± 2.2 3 ± 2.7 
P. sylvaticum 
CBS 452.67 3 ± 1.5 32 ± 2.5 28 ± 2.0 8 ± 0.3 5 ± 0.9 3 ± 0.9 
P. oligandrum 
IMI 78731 4 ± 0.7 12 ± 3.5 22 ± 1.2 11 ± 2.5 15 ± 8.8 17 ± 1.7 
18a 4 ± 1.3 17 ± 6.3 26 ± 6.1 24 ± 3.9 3 ± 1.0 8 ± 0.3 
P. peripcum 
CBS 289,31 3 ± 1.2 18 ± 3.5 21 ± 0.9 19 ± 3.0 5 ± 0.7 13 ± 5,7 
P. acanthicum 
CBS 434.68 3 ± 1.7 22 ± 2.3 16 ±4.4 19 ± 1.9 4 ± 1.5 9 ± 1.0 
* means ± S.E., for 3 replicates 
The mycoparasites similarly grew well or reasonably well on 
glucose and cellobiose. All made at least some growth, and often good 
growth, on trehalose and mannitol. But only one of the two isolates 
of P. oligandrum grew well on arabinitol, and neither P. periplocum 
nor P. acãnthicum grew well on this. 
In a further test under similar conditions, mannitol was found 
not to be utilised by the following phytopathogenic pythia: 
P. aphanidermatum (CBS 216.46), P. butleri (CBS 634.70), P. mamillatum 
(CBS 209.68, PRL 2595), P. intermedium (11Hz,  CBS 380.34), 
P. heterothallicum (CBS 450.68), P. sylvaticum (8H 1 , CBS 633,67), 
P. vexans (CBS 270.38), P. irregulare (CBS 250.28), P. graminicola 
(CBS 328.62), P. ultimum (CBS 656.68, CBS 291.31), P. spinosum (PRL 
2146) and P. anandrum (CBS 285.31). Further, the ability of 
P. oligandrum (IMI 78731), P. acanthicum (CBS 429.68) and 
P. periplocum (CBS 289.31) to utilise mannitol was confirmed. 
3.2.2.2 Celluloae 
Although Pythium app. were at one time generally considered to be 
non—cellulolytic, numerous exceptions to this have been described in 
recent years. Notable among the reports are those of Park (1975, 
1977)ajc4Park & McKee (1978) concerning cellulolysis by saprophytic 
cellulose—utilising Pythium spp. in streams. Nevertheless, even 
terrestrial and plant pathogenic Pythium spp. can degrade cellulose to 
some degree, and relevant information on this is summarised by Deacon 
(1979). Cellulolysis has been assessed in various ways for these 
species, and Deacon (1979) showed that the ability to reduce strength 
of regenerated cellulose film (Rayophane, British Sidac Ltd) was 
closely correlated with ability to cause weight loss of filter paper. 
Results in various parts of this thesis e.g. Tables 3.7, 3.8, 
4.4, 4.5, 4.10, 4.14, 4.15, 4.16) confirm the ability of various plant 
pathogenic pythia to utilise or degrade cellulose. However, it was 
especially important to determine cellulolytic activity by the 
mycoparasitic pythia, because in all previous tests (e.g. Deacon, 
1979) the nitrogen and vitamin sources used would seem to have been 
unsuitable for growth by P. oligandrum or other mycoparasitic pythia. 
Two types of experiment were now done to investigate the. ability 
of mycoparasitic pythia to degrade cellulose. In both cases, the 
basal (carbon—free) medium contained a source of organic nitrogen and 
vitamins known to be suitable for the mycoparasites. 
Agarconsisting of cellulolysis medium (section 2.1) and a 
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similar medium with the sodium nitrate substituted by peptone (1.85 
g/l) plus yeast extract (0.5 g/l) were prepared and poured into Petri 
dishes. In the latter case the medium was adjusted to pH 4.9 with Nd 
for equivalence with the medium containing an inorganic nitrogen 
source. Two strips of cellulose film were placed in parallel on each 
agar plate, as explained in section 2.3.1.4. They were then 
inoculated with pieces of cellulose film, 5 mm square, previously 
colonised by the appropriate test fungus (Figure 2.1). The plates were 
incubated for 4 days at 25 0C and the strength of each cellulose strip 
was then assessed with a needle penetrometer (section 2.3.1.4) at 
eight separate points spaced at 5 mm intervals along the length. The 
weights supported at these points were averaged for each replicate 
strip, and the means in Table 3.7 represent weights supported by two 
strips on each of three replicate plates, i.e. by six strips in all. 
Table 3.7: Weights (g)* supported by strips of cellulose film 4 days 
after inoculation with P. oligandrum, P. acanthicum or 
P. periplocum, on media containing nitrate - or organic 
(peptone/yeast extract) nitrogen sources. 
	
NaNO3 	Peptone/yeast extract 
P. acanthicum 
IMI 136143 	 6.6 	 12.4 
CBS 432.68 . . 	47.9 43.1 
CBS 429.68 	 50.0 	 44.7 
P. oligandrum 
IMI 78731 	. 	 53.7 	 42.1 
P. periplocum 
CBS 532.74 	 53.7 	 , 45,3 
Uninoculated film 	 54.4 	 - 
* means of 8 separate assessments on each of 6 replicate strips 
LSD, 4.2 (P = 0.05), 5.5 (P = 0.01), 8.0 (P = 0.001) 
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P. acanthicum IMI 136143 was previously known to be cellulolytic, 
and this is confirmed by results in Table 3.7. This isolate is 
behaviourally different from other isolates of P. acanthicum. It 
caused substantial loss of strength of the film in both the nitrate. 
and peptone/yeast extract me4ia, though slightly less (P = 0.01) on 
the latter. As expected, the other isolates of P. acanthicum, and 
P. oligandrum and P. periplocum,caused little strength loss on the 
nitrate medium. They did, however, cause some strength loss on the 
peptone/yeast extract medium, the weights supported being 
significantly different from the control values. 
The experiment was repeated, but with one isolate each of 
P. acanthicum, P. oligandrum and P. periplocum and one of 
P. sylvaticum for comparison. Also, the loss of strength of cellulose 
film on the organic nitrogen medium was compared with that on the same 
medium with added glucose (20 gIl). The strength of the film was 
assessed after 5, 10 and 15 days' incubation (Table 3.8). 
The highly cellulolytic species, P. sylvaticum, caused almost 
complete strength loss of the film after 5 days in the absence of 
glucose, but degradation of the cellulose film was reduced 
significantly (P = 0.001) in the presence of glucose. This would be 
expected from knowledge of catabolite repression of cellulase enzymes 
(Mandels, 1982). Again, the mycoparasites cau?sed some strength loss 
of film but this was not progressive; most of the strength—loss 
occurred in the first 5 days. Also, in these cases the presence of 
glucose significantly increased the amount of strength, loss. .Either 
these fungi were degrading the film by cellulase action - a hypothesis 
that is difficult to reconcile with the results mentioned above - or 
the fungi in some way caused a non—cellulolytic weakening of the film. 
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Table 3.8: Breakdown of cellulose film by several Pythium spp. in the 
presence/absence of glucose. 
Weight (g) supported by cellulose film* 
5 days 	10 days 	15 days' 
P. sylvaticum 
CBS 1141 211456 No glucose 2.1 ± 0.1 0 - 
+ glucose 23,1 ± 0.9 20.3 ± 1.6 - 
P. acanthicum 
CBS 429.68 No glucose 37.0 ± 1.3 32.0 ± 1.5 30.0 ± 0.9 
+ glucose 21.6 ± 1.3 18.7 ± 1.7 - 
P. oligandrum 
IMI 78731 No glucose 37.6 ± 1.6 29.8 ± 1.4 27.0 	± 1.2 
+ glucose 29.1 ± 2.0 22.8 ± 1.0 - 
P. periplocum 
CBS 532.74 No glucose 39.0 ± 1.8 38.7 ± 0.4 34.0 	± 1.4 
+ glucose 29.3 ± 2.1 34.3 ± 0.9 - 
Uninoculated film No glUcose 	50.6 ± 0.4 
* means ± S.E. for 8 assessments on each of 6 replicate strips; at 
25°C. 
- not measured 
The second type of 'test for cellulolysis (section 2;3.1.2) 
involved inoculating fungi onto sterile filter paper-wads moistened 
with mineral nutrients solution (section 2.1) containing either NaNO 3 
(2g/1) or L-asparagine (1.51 gIl.), plus thiamine (100)jg/l). After 
incubation for 7 weeks at 25 0C the weight of the filter paper was 
determined and compared with the initial weight, corrected for initial 
water content of the air-dry filter paper. In conditions in which 
several phytopathogenic pythia caused substantial weight loss of the 
filter paper (up to 133 mg), P. oligandrum (isolate XMl 78731), 
P.' periplocum (CBS 289.31) and P. acanthicum' (CBS 434.68) caused 
little or no detectable cellulolysis. From these results it seems 
that, even given a suitable nitrogen and vitamin source, the 
mycoparasitic pythia are non-cellulolytic. 
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3.2.3 Effect of dilution of nutrient aource 
Park (1975) reported that a Pythium sp. from fresh waters, 
subsequently named P. fluminum, grew better in dilute nutrient 
concentrations than in those used as standard in most laboratory 
tests. This finding would seem to be ecologically relevant because 
the fungus, being aquatic, must normally encounter low concentrations 
of carbon and mineral nutrients. The same argument might also be 
applied to mycoparasites, insofar as these grow in environments in 
which other fungi have previously been growing, and also because 
relatively small total amounts of nutrients are likely to be available 
from the hyphae of their hosts. Observations made in other 
experiments, to be described in section 3.4, suggested that 
P. oligandrwn grew more rapidly across plates of potato dextrose agar 
precolonised by some other fungi than across virgin PDA plates. Also, 
some of Deacon's (1976) results show that P. oligandrum grows at a 
slightly increased linear rate across agar plates precotonised by some 
host fungi than across fresh agar plates. It was of interest to see 
if this behaviour might reflect an adaptation to low levels of 
nutrients and if it might be a specialised feature of mycoparasites. 
Various strengths of potato dextrose agar were prepared, by 
using potato extract (Difco) at either 4 or 1 g/l and combining these 
factorially with glucose at 20, 5 or 1 g/l; normal potato dextrose 
agar contains 4 g potato extract and 20 g dextrose per litre. Agar 
plates were inoculated centrally with different fungi, and linear 
growth rates of colonies were determined over a 5 day period. For 
this purpose, two cross lines at right angles were marked on the base 
of each Petri dish, and measurements were always made along these 
lines. The results (Table 3.9) show that all three mycoparasitic 
species, P. oligandrum, P. acanthicum and P. periplocum, behave 
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differently from the two plant parasites, P. intermedium and 
P. mamillatum. A reduction in concentration of potato extract, 
irrespective of glucose levels, caused an increase in linear growth 
rate of the mycoparasites but had no effect or occasionally caused a 
very slight reduction in growth, for the phytopathogens. Glucose had 
generally less effect than potato extract, but reducing the glucose 
level caused a slight decrease in growth rate of the phytopathogens, 
whereas it caused no difference in growth of the mycoparasites. 
Perhaps of most interest, water agar gave significantly greatest 
colony growth rates for all the mycoparasites, but low colony growth 
rates for the phytopathogena (Table 3.9). The effect of changing from 
full-strength PDA to water agar can be stated in a different way; on 
full-strength (standard) PDA the phytopathogens grew at about twice 
the rate of the mycoparasites, whereas the linear growth rates of the 
two groups of fungi were almost identical on water agar. 
In a supplementary part of this experiment, the fungi were grown 
on agars containing malt extract (20 g/l) and peptone (1 gIl), 
supplemented with glucose at either 20 g or 5 g per litre. As shown 
at the •foot of Table 3.9, the mycoparasites grew more slowly than did 
the phytopathogens on these media, but they grew faster than their 
corresponding rates on full-strength PDA. Growth rate was similar to 
that, on media containing only 1 g potato extract per litre. In short, 
potato etract at the standard concentration (4 g/l) seemed to be 
supraoptinial for the mycoparasites but not for the phytopathogens. 
Notably, the Difco potato extract used in the experiments 
described above was similar to that used in a liquid culture 
experiment described earlier (Table 3.5) in which this potato extract 
supported less growth than did home-made potato extract. 
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Table 3.9: Effect of concentration of constituents of potato dextrose 
agar and malt extract-peptone-dextrose agar on growth of 
Pythium spp. 
Concentration (g/l) Linear extension rate (mm/24 h)* - 
Glucose Potato extract P,o.l I.0.2 P.a. P.P. P.i. P.m. 
(P.E.) 
20 4 12 16 11 13 28 30 
20 1 16 21 14 17 28 29 
5 4 11 15 10 12 24 24 
5 1 15 21 16 18 24 24 
1 4 10 14 10 12 25 23 
1 1 17 20 17 18 24 22 
0 0 21 25 23 23 24 22 
Per cent increase in 
growth at low compared 
with high P.E. 47 37 52 39 '0 43 
Glucose 	M.E. Peptone 
	
20 	20 	1 	16 	22 	15 	20 	30 	30 
5 20 1 17 23 17 18 .28 29 
* means of 3 replicates, calculated for up to 5 days' incubation at 
25°C. 
P.o.l 	P. oligandrum IMI 78731 
P.o.2 P. oligandrum MF 78 
P.a. 	P. acanthicum MF 44 
P.P. P. periplocum CBS 170.68 
P.i. 	P. intermedium CBS 469.50 
P.M. P. mamillatum CBS 410.68 
L M.E. Malt extract (g/l) 
Peptone (g/l) 
3.2. 4 Effects of p11 
The pH range for growth by P. oligandrum (IMI 78731) was studied 
initially in liquid culture medium composed as follows:. Difco potato 
extract (4 g), D-glucose (20 g), peptone (2 g), mineral nutrients (as 
in section 2.1), thiamine hydrochloride (100 pg), biotin (10 pg), 
distilled water (1 litre). Aliquots of 10 ml were dispensed into 
medical flats, autoclaved and then adjusted to different p11 values by 
adding 0.5 M NaOH or I M HC1. The flats were inoculated in the usual 
way and incubated at 250C. Mycelial growth at all pH values was very 
poor, perhaps because of the unsuitability of the source of potato 
extract. The experiment was therefore repeated, using potato extract 
prepared freshly from whole potatoes, and growth was then 
satisfactory. Visual assessments of growth were made at intervals, as 
extents along the length of the base of the medical flats (Table 
3.10). Growth was not observed at pH 3.1 or 3.5. It occurred very 
slowly, and only after a substantial lag, at pH 4.0. It was also slow 
at pH 4.3, such that even after 14 days the mycoparasite had only 
partly covered the base of the flats. But growth was rapid at all pH 
values ranging from 4.8 to 7.8, the upper end of the tested range. 
Values for mycelial dry weights at 6 and 15 days (Table 3.10) 
supported these observations and showed a fairly broad pH optimum from 
pH 5.5 to 7.0, with no clear peak. Indeed, growth was almost equally 
good across the range 4.8 - 7.8. 
Table 3.10: Effect of pH of medium on the growth of P. oligandrum 
(IMI 78731) in potato extract—dextrose solution, at 250C 
Initial Final p11 	_Extent_of colony (mm)* Mycelial dry weight g )* 
pH 	(15 days) 4 days 	7 days 	14 days 	6 days 	15 days 
3.1 3.0 0 0 0 0 0 
3.5 - 0 0 0 1 0 
4.0 4.6 0 20 20 1 14 
4.3 - 24 40 40 15 16 
4.8 4.8 C C C 20 15 
5.5 - C C C 26 22 
6.0 5.2 C C C 24 17 
6.5 - C C C 20 15 
7.0 4.9 C C C 26 11 
7.4 -. C C C 20. 18 
7.8 5.2 C C C 22 13 
* means of 3 replicates 
C, complete colonisation of the ba;e of the flat. 
LSD, 5.0 mg (P = 0.05) 
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It ia.seen frrn Table 3.10 that the mycelial dry weights were 
often lower after 15 days than after 6 days, presumably because of 
autolysis. Of interest the medium was unbuffered and the fungus 
changed the pH during growth, such that In all cases the final 'PH was 
in the rather narrow range, 4.8 - 5.2. 
In a subsequent experiment (Table 3.11) the behaviour of 
P. oligandrum (isolate IMI 78731), P. acanthicum (isolate CBS 429.68) 
and P. periplocum (isolate CBS 532.74) were compared, but in agar 
rather than liquid medium, over the p11 range 4.5 - 9.0. The medium 
comprised malt extract (10 g), glucose (10 g), Bacto Difco agar (20 g) 
and distilled water (1 litre). The pH was adjusted with NaOH or HCI 
after autoclaving, and growth was assessed as increase-in colony 
diameter during 5 days' incubation at 25 0C. (Table 3.11). 
Table 3.11: Effect of pH of medium on growth by P. ollgandrum (1141 
78731), P. acanthicum (CBS 429.68) and P. periplocum (CBS 
532.74) in an unbuffered agar medium containing malt 




growth rate (mm/24 h)* 
P. acanthicum 	P. periplocum 
4.5 0.9 4.4 3.1 
- 5.0 6.3 8.4 5.3 
5.5 9.9 14.3 7.6 
6.0 11.7 14.6 11.4 
6.5 12.7, 13.8 12.4 
7.5 13.7 15.0 12.3 
8.0 13.1 14.3 11.6 
8.5 12.1 1.4.6 10.3 
9.0 	! 6.3 	- 9.0 5.4 
* means for 3 replicates, during 5 days' incubation at 25 0C. 
LSD, 3.2 (P = 0.05) 
All three fungi showed a broad pH optimum from 6.0 to 8,5, 
extending down to 5.5 in the case of P. acanthicum. All grew fairly 
well at pH 5 and pH 9, though usually at about half of the maximum 
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rate. Growth was relatively poor at pH 4.5, particularly in the case 
of P. oligandrum. 
An attempt was next made to use buffered agar medium, in view of 
the ability of P. oligandrum markedly to change thepH during growth 
(Table 3.12). Two buffering systems were needed to encompass the 
desired range from pH 3 to pH 9: Srenson's phosphate—citrate buffer 
(S$renson, 1957) was used for pH 3 - 6.5 and Gomon's tris buffer for 
pH 7 - 9; pH values of 9.5 and 10 were obtained in unbuffered medium 
by addition of NaOH. The experiment was done specifically to 
investigate the pH ranges of fungi that consistently appeared on 
precolonised agar plates inoculated with soil, as a basis for 
understanding the range of soils in which the mycoparasites were found 
(section 5.3.3). Therefore, P. oligandrum, Gliocladium roseum and 
Trichoderma viride were tested, with P. mamillatum for comparison. 
As shown in Table 3.12, interpretation of pH responses of the 
fungi is complicated by the marked discontinuities in the results, 
which correspond to the parts of the pH range where different buffert; 
systems were used. Nevertheless, P. oligandrum was seen to grow well 
over at least the range 7.0 - 9.5. P. mamillatum similarly grew well 
over this pH range. C. roseum showed relatively little difference in 
growth rate over the range pH 5.0 - 10.0 and, except for a discrepant 
value at pH 4.5, it seemed to grow reasonably well down to pH 3.5. 
T.viride'showed a quite different response to those of the other 
fungi. Its growth was maximal at low pH values near 4.0 and was 
s1.nificantly reduced at pH values of 5.0 and above, though it made 
some growth up to at least pH 9.0. It showed very rapid growth at pH 
9.5 and 10.0 (the unbuffered media). It thus seems clear that the 
tris buffer and perhaps also the S$renson's buffer systems were 
inhibitory at pH values 5 and above. 	An alternative suggestion that 
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cannot be excluded is that in the unbuffered medium at pH 9.5 and 10, 
T. viride was able to initiate growth and to reduce the. pH to near-
optimal levels; unfortunately the final pH of the agar was not 
tested. 
Table 3,12: Effect of pH on growth of several fungi on buffered agar. 





Linear growth rate '(mm/24 h)* 
P. mamillatum 	C. roseum 
(PRL 2595) (51.2) 
T. viride 
(Tl) 
3 0 0 0 0 
3.5 0 0 1.0 . 	 - 
4 0 0 0.7 19.2 
4.5 0 0 .0 14.4 
5 0 - 2.0 . 	 7.5 
5.5 8.2 0 2.0 5.1 
6 12.4 . 	 5.7 2.0 4.5 
6.5 14.5 3.1 2.0 4.0 
7 24.4 18.5 2.9 4.7 
7.5 24.2 13.9 3.0 4.3 
8 23.7 12.7 2.7 2.7 
8.5 22.3 13.9 2.2 2.1 
9 21.3 12.4 2.5 1.5 
9.5 23.4 	. 16.4 2.6 17.9 
10 8.7 0 2.1 17.0 
* means of 3 replicates at 25 0C. 
LSD, 4.7 (P = 0.05) 
3.3 PYTHIUM SP. (SMOOTH WALLED OOGONIA) 
Deacon & Henry (1978) found that a Pythium ap. with non-echinulate 
oogonia occurred occasionally when soil was placed on PDA plates 
precolonised by Phialophora sp. (lobed hyphopodia). The fungus, 
represented by isolates CH 6, 7 and 8 (Deacon & Henry, 1978)was found 
to grow slowly on virgin PDA plates (at about 4.0 mm per 24 h at 27 0 
C). When subsequently tested, it grew across precolonised agar plates 
producing non-echinulate oogonia and it similarly formed non-
echinulate oogonia on OMA at 25 0C. It caused variable, slight 
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reduction in cellulolysis by Botryotrichum piluliferum grown on 
cellulose film and it was non-phytopathogenic, as evidenced by its 
inability to rot cucumber fruits when wound inoculated (Deacon & 
Henry, '1978). The fungus (isolate CII 7) was tentatively identified as 
P. scleroteichum Drechsler by Dr J. Stamps (Commonwealth Mycological 
Institute, Kew, Surrey) based on its oogonia and antheridia, its 
mycelial characteristics, its lack of zoospore formation, and its 
temperature relationships (it failed to grow at 34 0C). The fungus has 
proved difficult to maintain in culture in laboratory conditions (J.W. 
Deacon, pers. comm.) and it was subsequently lost from culture. 
In the course of the present study, a slow-growing non-
echinulate Pythium sp. was frequently observed on precolonised agar 
plates to which soil had been added (section 5.3.3). Isolates of this 
fungus which will be denoted as Pythium sp. (smooth walled oogonia) or 
Pythium sp. (SWO) were sent to Dr A.J. van der Plaats-Niterink 
(Centraalbureau voor Schimmelcultures, Baarn, Netherlands), and were 
tentatively identified as belonging to P. vexans de Bary. These 
isolates resembled in several respects the isolates originally 
obtained by Deacon & Henry (1978) (J.W, Deacon, pers. comm.). They 
were used in parallel with the known inycoparasitic pythia in several 
experiments in this thesis, but for convenience the results concerning 
their physiology are presented separately in this section. For cross-
reference, brackets will be used in the following account to refer to 
experiments already reported (section 3.2) in which Pythium ap. (SWO) 
was included. 
3.3.1 Deecription of Pythiuni ap. (SWO) (Figure 5.3) 
The following description is based on isolates SWO 13.3, SWO 
17.5 and SWO 51.4, obtained as follows: 
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SWO 13.3 isolated 18.10.77; fertile loam under ornamental 
shrubs, pH 6.2; Kings Buildings 
Site, Edinburgh. 
SWO 17.3 isolated 16,9.77; 	silty loam under barley, pH 65; 
Abernyte, Inchture, Perthahire. 
SWO 51.4 isolated 28.2.78; silty loam under cereals, pH 5,7; 
Rosemaund Experimental Husbandry 
Farm (A.D.A.S.), Hereford. 
Colonies white or creamy white, slow growing (2-m,, mean 4 mm, 
per 24 h radial extension rate at 25 0C) on PDA or OMA. On PDA, 
the colony is compact, slightly lustrous, with slightly cumülose 
appearance; aerial mycelium sparse and developing only as the 
colonies age. The substrate hyphae are aseptate, non uniform in 
diameter, ranging from 1.5 - 5.5 pm (mostly 2 - 4.5 pm) diameter. 
Oogonia and antheridia are produced on OMA and on PDA 
precolonised by Phialophora sp. (lobed hyphopodia) but not on normal 
PDA. Oogonia spherical to subspherical, 16 - 31 pm diameter, thin 
walled, smooth on the surface. Antheridia 5.5 - 9 pm at apex, bluntly 
rounded and adpressed to the oogonium; 0-4 (usually 2) antheridia per 
oogonium; the antheridial branches do not arise close to the 
oogonium. Oospores colourless, 14 - 20 pm diameter, round, smooth, 
single and filling most of the oogonium, but sometimes distinctly 
aplerotic. Oospore wall thick, 1 - 2.3 pm; refringent. bodies 5 - 7 pm 
(usually 6)diameter present within some oospores. Figure 3.1 shows a 
typical oogonium. 
wtt 
Sporangia and zoospores were not seen andAnot produced on 
submerged grass blades. 	Sometimes the vegetative hyphae have a 
torulose appearance with sporangium-like bodies occurring either in an 
intercalary position or on hyphal branches. 
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Figure 3.1: Oogonium, with antheridia, of Pythiuin sp. (SWO), isolate 
13.3, growing in agarprecolonised by Phialophora sp.  (lobed 
hyphopodia) (X 1,000) 
3. 3.2 Utili8ation of nitrogen Bourcee and VitcJJnina 
Utilisation of nitrogen sources, vitamins and other supplements 
were tested in liquid culture, using medical flats containing 10 ml 
culture solution composed as follows: basal medium - MN (section 
2.1), D-glucose (10 g), NaNO3 (2 g) or L-asparagine (1.51 g), thiamine 
hydrochloride (100 pg), cholesterol (60 mg), distilled water (I 
litre). The pH of the medium was adjusted where necessary to 5.80. 
Isolates SWO 13.3, 17.3 and 51.4 were used, together with 
P. oligandrum (78731) for comparison. Mycelial dry weights were 
determined after 14 or 21 days (Table 3.13). 
Table 3,13: Utilisation of nitrogen sources, thiamine and cholesterol 
by Pythiumsp. (SWO) and P. oligandrum in a glucose-
containing liquid medium 
Mycellal dry weight (mg)* 
Medium 	Days incubation P. oligandrum 	Pythium sp. SWO 
constituents+ 	at 250C 	IMI 78731 13.3 	17.3 	15.4 
NaNO3 	 14 	 0 	 IA 	0 	0 
21 0 3A 0 0 
NaNO3+ 	 14 	 0 	0 	0 	- 
thiamine 21 0 0 0 - 
NaNO3+ 	 14 	 0 	0 	0 	- 
thiamine + 	21 0 0 0 - 
cholesterol 
Asparagine 	 14 	 1 	0 	0 	0 
21 0 0 0 1±2,2 
Asparagine + 	14 
thiamine 21 
Asparagine + 	14 
thiamine + 21 
cholesterol 
	
8 ±3.6 	13 ±0.5 12 ±0.9 21 ±5.1 
16 ±4.2 33 ±2.2 	8 ±1.7 26 ±2.6 
9 ±4.1 	14 ±6.5 26 ±4.1 20 ±3.5 
15 ±0.0 30 ±7.5 13 ±2.1 31 ±3.1 
pH (at 14 days) 	 6.30 	6.40 	6.00 	6.40 
* means ± S.E for 3 replicates 
+ initial pH of buffered medium was 5.80 
no mycelial growth observed 
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As shown in Table 3.13 9 Pythium ap. SWO made little or no growth 
in medl.a containing nitrate-nitrogen with or without thiamine and 
cholesterol. In this respect it behaved like P. oligandrum. No 
growth was made in the presence of asparagine and glucose but good 
growth occurred in the presence of asparagine and thiamine, with and 
without cholesterol. In all these respects Pythium sp. SWO behaved 
like P. oligandrum. 
3.3.3 UtiUBation of ,Bolubl:e carbon Bouroes 
Two isolates of Pythium sp. (SWO), SWO 13.3 and SWO 51.4, were 
tested for utilisation of soluble carbon sources in liquid culture as 
part of the experiment involving P. oligandrum, P. acanthicum and 
P. periplocum reported in Table 3.6. As shown in Table 3.14, L(ttIL 
growth was made in the absence of a carbon source or on arabinitol 
but the isolates grew on glucose, cellobiose, trehalose and mannitol. 
Again in these respects Pythium sp. SWO behaved like P. oligandrum, 
P. acanthicum and P. periplocum. 
Table 3.14: Mycelial dry weights (mg)* of two isolates of Pythium sp. 
(SWO) after 14 days at 25 0C in an asparagine-mineral 
nutrient-thiamine medium supplemented with different carbon 
sources 
Carbon source Isolate SWO 13.3 Isolate SWO 51.4 
None 2 ± 1.3 5 ± 0.9 
Glucose 17 ± 0.9 9 ± 0.5 
Cellobiose 15 ± 3.1 16 ± 1.1 
Trehalose 11 ± 2.1 13 ± 1.9 
Arabinitol 3 ± 1.1 7 ± 0.5 
Mannitol 10 ± 1.7 12 ± 3.5 
* means ± S.E. for 3 replicates. 
3.3.4 Utilisation of cellulose 
Two isolates of Pythium sp. (Swo), SWO 13.3 and SWO 17.3, were 
72. 
inoculated onto strips of cellulose film overlying agar containing 
either NaNO3 or peptone plus yeast extract. The experimental 
conditions were like those used earlier for P. oligandrum (section 
3.2.2.2) except that the pIt of the agar was adjusted to 6.0. Strength 
loss of the cellulose film was assessed after 5 days at 25 0C 
(Table 3.15). Similarly to P. oligandrum (IMI 78731) which was 
included for comparison, Pythium ap. (SWO) caused no detectable 
strength loss of cellulose film on nitrate-containing agar, and only 
alight strength loss in the presence of peptone plus yeast extract. 
Cellulolytic activity was assessed also as the ability to cause weight 
loss of filter-paper wads moistened with mineral nutrient solution 
containing either NaNO 3 (5 g/l) or L-asparagine (1.51 gIl), and 
thiamine hydrochloride (100 ig/l). Two tested isolates of Pythium ap. 
(SWO), SWO 13.3 and SWO 51.3, caused no weight loss of filter paper 
after 7 weeks' incubation at 25 0C in the presence of either 
nitrogen source. In this respect they resembled P. oligandrum, 
P. acanthicum and P. periplocum (section 3.2.2.2). 
Table 3.15: Weight (g) supported by cellulose film on media containing 
nitrate-nitrogen or peptone and yeast extract* 
Pythium isolate 	 NaNO,3 	Peptone + yeast extract 
SWo 13.3 
	
52 ± 1.3 	 45 ± 1.6 
SWO 17.3 51±1.7 46 ±0.6 
P. oligandrum IMI 78731 	 49 ± 2.1 	 41 ± 3.1 
Uninoculated film 	 51 ±0.5 	 - 
* means ± S.E. for 8 assessments on each of 6 strips of film for 5 
days at 25 0C. 
represents no test. 
3.3.5 Effect of nutrient dilution 
An experiment involving potato dextrose agar with different 
73. 
concentrations of potato extract and of dextrose was done in 
conjunction with the previously reported experiments of this type 
involving P. ollgandrum and other Pythium spp. (Table 3.9). As shown in 
Table 3.16, two isolates of Pythium sp. (SWO) showed higher linear 
growth rates on agars containing only I g potato extract per Utre 
than on agars containing 4 g potato extract per litre. Reduction of 
the glucose level from the standard 20 g/l had no measurable effecton 
the growth rate by Pythium sp. (SWO). Of interest, linear growth was 
better on malt extract plus peptone agar than on standard PDA, and in 
the case of one isolate, the fastest linear growth rate occurred on 
water agar. In general, these results are similar to those obtained 
for P. oligandrum, P. acanthicum and P. periplocum (Table 3.9). 
	
Table 3.16: Effect of concentrations of constituents of potato 	9 
dextrose agar and malt extract—peptone—dextrose agar on 
growth by Pythium sp. (SWO). 
Concentration (g/l) 	 Linear_extension rate (mm/24 h)* 
Glucose 	Potato extract 	 SWO 13.3 	SWO 51.4 
20 	 .4 	 2 	 2 
20 1 5 5 
5 	7 	 4 	 4 	 5 
1 1 3 2 
1 	 4 	 3 	 2 
1 2 	1 5 5 
0 	 0 	 5 	 9 
Malt extract/Peptone 
20 	 20 	1 	
75 	
6 
5 20 1 6 	 6 
* means of 3 replicates, calculated for up to 5 days' incubation at 25 0 
C. 
3.4 DISCUSSION 
The results in this section, together with results in the papers 
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by Deacon (1976) and Deacon & Henry (1978), enable several 
distinctions to be drawn between mycoparasitic and plant pathogenic 
Pythium spp. Firstly, it has been demonstrated that the three 
characterised mycoparasites - P. oligandrum, P. periplocum and 
P. acanthicum - lack the ability to utilise inorganic nitrogen 
sources. This was shown in the case of nitrate for all species, and 
in the case of ammonium sources for P. oligandrum. In contrast, all 
of the tested phytopathogens could utilise nitrate-nitrogen. Child, 
Dfago & Haskins (1969) showed that a mycoparasitic isolate (PRL 2142) 
of P. acanthicum could not utilise nitrate but could use each of 
several organic nitrogen sources. Therefore the inability to utilise 
nitrate appears to be a general feature of the mycoparasitic pythia. 
The second distinction is that the mycoparasites require exogenous 
thiamine whereas all but two of the tested phytopathogens could 
synthesise this vitamin. The two exceptions were P. anandrum (CBS 
265.31) and one (CBS 445.62) of two isolates of P. vexans, Robbins & 
Kavanagh (1938) reported that an isolate of P. butleri required 
thiamine, but this was not confirmed in the present experiments with 
isolate CBS 634.70 of this species. Moreover, thiamine was not 
required by P. aphanidermatum (isolate CBS 216.46), the species to 
which isolates of P. butleri are now referred by van der Plaats-
Niterink (1981). Ridings, Gallegly & Lilly (1969) listed the Pythium 
spp. that they found to be self-sufficient for thiamine or that 
required either the pyrimidine moiety of thiamine or the whole 
thiamine molecule. All five isolates of P. vexans that they tested 
were, deficient for the thiamine molecule. A single isolate of 
P. anandrum was deficient for the pyrimidine moiety, as were 
P. oligandrum, P. acanthicum and P. periplocum and ten other species. 
The findings in Table 3.1 agree with those of Ridings et al (1969) 
except for the one isolate of P. vexans (CBS 270.68) which was Beif-
sufficient for thiamine. The requirement for thiamine, together with 
the need for organic nitrogen is perhaps a characteristic but not 
exclusive feature of the mycoparasitic Pythium spp. This view is 
supported by.the fact that Pythium sp. (SWO) also required thiamine and 
was unable to utilise nitrate-nitrogen. Evidence for mycoparasitism 
by Pythium sp. (Swo) will be presented later (section 4.1.5). An 
exception to the general statements above should be mentioned at this 
stage: isolate 1111 136143 of P. acanthicum used nitrate-nitrogen and 
did not need thiamine (Table 3.1). In these respects it differed from 
all other isolates of P. acanthicum. But IMI 136143 is not a 
mycoparasite (Deacon, 1976; Deacon & Henry, 1978) and it differs in 
several respects from other, more typical, isolates of P. acanthicum, 
as discussed later. 
It is not known why mycoparasitic pythia should show these 
requirements in contrast to non-mycoparasitic pythia. However, this 
might be expected if these fungi grow usually in close association 
with others, either as mycoparasites, or as commensals, because the 
other fungi could then supply these needs. In fact, when isolated, 
P. oligandrum was obtained from diseased pea plants in association 
with other pythia known to be parasitic on peas (Drechsler, 1943) and, 
incidentally, now known to utilise nitrate nitrogen and not to require 
thiamine. 	It is notable that another commensal, 
Thermomyces lanuginosus Tsiklinsky which grows in close association 
with Chaetomium thermophile La Touche and other thermophilic 
cellulolytic fungi (Hedger & Hudson, 1974), also needs organic 
nitrogen sources in addition to soluble carbon sources when growing on 
cellulosic substrata. Hedger & Hudson (1974) found that eleven 
different amino acids were present in extracts of C. thermophile 
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growing on filter paper cellulose. After growth of T. lanuginosus on 
these extracts there was a reduction, amounting to 697., in the total 
level of free amino acids present. Some amino acids, such as 
threonine and glycine, disappeared entirely. 
Another fungus which may show this type of behaviour is 
Mortierella ranimanianaAJjLinn which frequently occurs along with 
Penicillium spp. and Trichoderma spp. late in fungal successions on 
decomposing leaf litter (Frankland, 1981). Hudson (1968), in his 
review of successions of fungi on dead plant tissues, mentions several 
further cases in which this fungus occurs during or after the 
successional phase occupied by cellulose— and lignin—decomposing fungi 
(e.g. Hering, 1965). Although the behaviour of this fungus has not 
been fully studied, it is thought to be a secondary sugar saprophyte. 
in the sense defined by Garrett (1963), and Hudson (1968) emphasises 
the fact that the plant material by this stage has frequently been 
comminuted by small animals, with an enhancement of the nitrogen 
content. 
It is well known that Pythium spp., like other higher members of 
the Oomycetes, cannot synthesise sterols (Hendrix, 1974). This has 
been shown specifically for.P. acanthicum (Haskins, Tulloch & 
Mircetich, 1964) and for P. periplocum (Hendrix, 1974). In several, 
perhaps most, cases the Oomycetes do not need sterols for vegetative 
growth, but they need sterols for both sexual and zoosporangial 
reproduction (Hendrix, 1970, 1974). Child, Dfago & Haskins (1969) 
showed that a mycoparasitic isolate of P. acanthicum (PRL 2142) 
requires sterols for reproduction and that this requirement can be met 
by supplementing the growth medium with cholesterol. These workers. 
showed further that cholesterol enhanced vegetative growth if supplied 
in the early stages; but it had no effect if applied to cultures 
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after 6 days and, in any case, it did not alter the final mycelial dry 
weight if incubation was prolonged. The growth-promoting effect of 
cholesterol occurred primarily during the lag and early exponential 
phases of growth. In my work (Table 3.5) cholesterol did not always 
enhance vegetative growth of P. oligandrum IMI 78731, as measured by 
final mycelial dry weight. Nevertheless, P. oligandrum and the other 
mycoparasites evidently required sterols for sexual reproduction. In 
dual cultures with other fungi, for example, these pythia form 
reproductive stages in the zone of contact with other (susceptible) 
fungi, and they form oogonia on sterol-containing media like oatmeal 
agar but not on some other media, like PDA. The requirement for 
sterols is obviously not an exclusive feature of mycoparasitic pythia, 
as it is found throughout the genus. 
P. oligandrum, P. acanthicum and P. periplocum differed from 
many phytopathogenic pythia in being unable to utilise cellulose as a 
carbon source (Tables 3.7, 3.8). 	Cellulose utilisation by other pythia 
has been reported by Dilllngham (1955), Winsted & McCombs (1961), Taylor 
& Marsh (1963), Desai, Geypens & Van Assche (1973), Nemec (1974), Park 
(1976a) and Deacon (1979), whilst Park's studies (1975, 1976b, 1977) and 
that of Park & McKee (1978) suggest that at least two Pythium app., 
P. fluminum and P. uladhum, may be characteristic cellulose decomposers 
in aquatic environments. Nevertheless, not all phytopathogenic pythia 
utilise cllulose, and those that do so show marked differences in 
cellulolytic activity (Deacon, 1979). It is unclear what advantage this 
might serve for phytopathogenic pythia, especially as it is not a 
consistent feature of them. 
All previous studies on cellulolysis by the mycoparasites 
P. oligandrum, P. acanthicum and P. periplocum have involved the use 
of nitrate-nitrogen, so these studies cannot be used to assess 
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cellulose utilisationpersé. My work has now shown that these fungi 
cannot utilise filter-paper cellulose even in the presence of nitrogen 
and vitamin sources suitable for vegetative growth. Yet they can 
cause strength loss of cellulose film (Tables 3.7, 3.8). Deacon 
(1979) showed a strong correlation between strength loss of film and 
weight loss of filter paper among the Pythium spp. as a whole, with 
only two notable exceptions. These exceptions concerned 
P. graminicola (isolates CBS 327.62 and CBS 328.62) which cause4 much 
greater strength loss of cellulose film than would be expected from 
their abilities to cause weight loss of filter paper, and 
P. scleroteichum CBS 294.37 which caused appreciable weight loss of 
filter paper but caused only slight strength loss of cellulose film. 
It is noknown how the mycoparasitic pythia caused the strength loss 
of film observed in my experiments. The results for filter paper 
suggest that P. oligandrum, P. acanthicum and P. periplocum are non-. 
cellulolytic. The possibility of enzymic breakdown of cellulose film 
by these fungi therefore seems unlikely; the strength loss did not 
progress with time and it was greater in the presence than in the 
absence of glucose. For cellulolytic fungi the opposite behaviour 
would be expected and indeed was found (Table 3.8); synthesis of the 
cellulae enzyme complex (exo- and endo -glucanase) is repressed by 
glucose, and the products of cellulolysis, like cellobiose, act as 
enzyme inhibitors (Mandels, 1982). The alternative hypothesis to 
explain strength loss of cellulose film by the mycoparasites is that 
it is a non-enzymic process - perhaps a physical process resulting 
directly or indirectly from hyphal growth. This view would be 
consistent with the enhanced strength-loss in the presence of glucose 
(Table 3.8). If true, then it casts doubt on the absolute validity of 
cellulose-film strength-loss as an indication of cellutolysis and it 
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might complicate the interpretation of interactions between fungi on 
cellulose film, as described in Section 4. 
The characteristic fungal carbohydrates like trehalose and sugar 
alcohols (polyols) have been studied intensively in recent years as a 
basis for understanding the interactions of biotrophic plant pathogens 
with their hosts (Lewis, 1974). Whereas plants translocate 
carbohydrates as sugars like sucrose, fructose and glucose, many fungi 
contain instead the sugar alcohols like mannitol and arabinitol and the 
non—reducing disaccharide trehalose. Certainly this is true of the 
higher fungi - the Ascomycotina, Deuterornycotina and Basidiomycotina. 
In the Zygomycotina trehalose is commonly found, and in a few cases 
the sugar alcohol ribitol has also been detected (Evans, Curtis & 
Cooke, 1981)0 The interest in these compounds in biotrophic 
infections stems from the fact that they might form the basis of a 
one—way flow of carbon nutrients from host to parasite, because higher 
plants in general do not readily nietabolise the typical fungal 
carbohydrates. 
Results reported in Tables 3.6 and 3.14 show that mycoparasitic 
pythia, P. oligandrum, P. acanthicum and P. periplocum, as well as 
Pythium sp. (SWO), can utilise mannitol and trehalose as sole carbon 
sources whereas the phytopathogenic pythia included for comparison 
could, in general, utilise trehalose but not mannitol. The results 
for arabitiitol are not clear cut; in fact only one isolate of the 
mycoparasites (IMI 78731 of P. oligandrum) could utilise it well as a 
sole carbon source and the only other fungus which showed increased 
growth in the presence of arabinitol was isolate SWO 13.3 of Pythium 
sp. (SWO), though this growth was poor (Table 3.15). 	Mycoparasites 
might be expected to utilise all of these materials if these are 
normally present as the main soluble carbohydrates in fungal hyphae. 
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However, the roles of these individual compounds are not fully known as 
yet, due mainly to their ready interconversion within fungal inycelium. 
The results of Brownlee & Jenning.. (1981) illustrate this point and 
have begun to eludicate the respective r8les of these materials. 
Serpula lacrimans WulfXFr.) Schr8t was alloyed to grow across 
sheets of perspex from colonised wood blocks to which 14C—glucoae had 
been added. The label was taken up (as glucose) and was found 
predominantly in the form of trehalose in mycelial strands growing 
away from the wood block, but label was found largely in the form of 
arabinitol near the colony margin on the perspex. Arabinitol can be 
formed from niannitol which, however, was present in only srnall amounts 
in the hyphae of S. lacrimans, and little label was detected in the 
form of mannitol. From these results, if they are typical of fungi in 
general, it might be expected that a mycoparasite might utilise 
trehalose and arabinitol because these are common constituents of the 
host hyphae. 
Mannitol seems not to be utilised as a carbon source by several 
fungi when it is applied in the growth medium. The reason, at least 
in part, is that mannitol is not taken up by permeases in the cell 
membrane or, if it is taken up, this occurs sometimes by a relatively 
non—specific permease that has a low affinity for mannitol (Jenning, 
1974). Seemingly, the mycoparasitic pythia are more efficient in 
mannitol uptake and thus in mannitol utilisation than are the 
phytopathogenic pythia (Table 3.6). 	However, this work is 
complicated by the fact that Child et al (1969) found that inañnitol 
was utilised by an isolate of P. acanthicum (PRL 2142) only in the 
presence of sterols. Although in the present experiments the 
phytopathogenic pythia did not utilise mannitol (section 3.2.2.1) 
sterols were not incorporated in the medium, so the possibility, exists 
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that these pythia might have utilised inannitol if sterols had been 
supplied. In an unrelated test, reported only here, P. ultimum P38 
and P. oligandrum had been grown for 4, 6 or 9 days in a liquid medium 
supplemented with mannitol or glucose, and cholesterol, to investigate 
possible autolysis of the mycelium with increasing time of incubation. 
The results of the test showed slight reduction in mycelial dry weight 
between 4 and 9 days in the case of P. ultimum but a slight increase 
in dry weight over this time in the case of P. oligandrum. The test 
demonstrated, further, that the phytopathogen P. ultimum did not 
utilise mannitol even in the presence of sterol. It seems, therefore, 
that there is a physiological difference between the mycoparasitic and 
phytopathogenic pythia used in this work (e.g. Table 3.6) insofar as 
the phytopathogens could not utilise mannitol. It is notable that 
Pythium sp. (SWO) behaved similarly to the other mycoparasites in 
utilising this compound (Table 3.14.). 
Initial observations suggested that the mycoparasitic pythia 
might be specifically adapted to uti].ise low levels of carbon 
nutrients, as evidenced by their abilities to grow rapidly across agar 
plates precolonised by Phialophora sp. (lobed hyphopodia) (Section 6). 
However, from experiments involving different concentrations of the 
constituents of potato dextrose agar (Table 3.9) it seems that the 
potato extract component alone of commercial PDA was perhaps largely 
responsible for these results. It was inhibitory to growth by the 
mycoparasites at a concentration of 4 g potato extract per litre, and 
linear growth rate of all the mycoparasitic isolates was enhanced by 
reducing the concentration of potato extract to 1 g/l. Such a 
reduction in concentration had no effect in the case of 
phytopathogenic pythia (Table 3.9). In a separate experiment,. home-
made potato extract was found to support more growth by the 
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mycoparasites then did Difco potato extract in liquid media (Table 
3.5), again suggesting that the commercial potato extract is somewhat 
inhibitory to growth of the mycoparasitic pythia. Despite the major 
effect of potato extract, the results of the experiments (Tables 3.9, 
3.16) suggest that inycoparasites have an additional and characteristic 
response to low nutrient levels in general; their linear growth rate 
was either greater or the same across water agar compared with across 
PDA or malt extract-peptone agar, whereas the phytopathogenic pythia 
showed, if anything, the opposite effect. 
The identity of Pythium sp. (SWO) is still in doubt. The 
taxonomic placement of this fungus will, of course, depend largely on 
morphological and developmental criteria rather than on physiological 
characteristics. Nevertheless, on the basis of present information, 
Pythium sp. (SWO) is known to differ from both P. scleroteichum and 
P. vexans in several aspects of its behaviour. It grew more slowly 
across agar plates than did either named species and, in contrast to 
them, it did not utilise nitrate-nitrogen. Also it required thiamine, 
in contrast to P. scleroteichum and one of the two isolates of 
P. vexans. Ridings et al (1969), however, reported that P. vexans 
requires thiamine. 
The difficulty in applying physiological criteria to the 
taxonomy of pythia is well illustrated by the case of P. acanthicum, 
one isolate of which, IMI 136143, as mentioned earlier in the 
discussion, -behaves differently from other isolates in many respects 
and even appears different from them in colony morphology but not in 
the morphological characters used for species delimitations. This 
seemingly unusual isolate has been ascribed to P. acanthicum on 
morphological grounds, independently by Dr J. Stamps, Dr A.J. van der 
Plaats-Niterink and by myself. The existence of physiologically and 
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behaviourally different isolates within a species creates major 
difficulties in comparison of the results of different workers and 
suggests the need to designate specific isolates when reporting 





The work in this sectioit was done to extend the previous studies 
of Drechsler (1943), Haskins (1963), Tribe (1966), Deacon (1976), Hoch 
& Fuller (1977) and Deacon & Henry (1978) on the interactions of 
mycoparasitic Pythium species with their fungal hosts. A comparison 
was made between the behaviour of the newly isolated Pythium sp. (SWO) 
and the known mycoparasites P. oligandrum, P. acanthicum and 
P. periplocum. The host ranges of these pythia and the reasons for 
differences in susceptibility of their hosts were investigated, and 
special attention was given to the possible effects of the 
mycoparasites on host physiology insofar as the mycoparasites have 
been reported to affect rates of cellulose breakdown by host fungi and 
the abilities of host fungi to cause plant disease. 
4.1 	INTERACTIONS ON CELLULOSE FILM 
4.1.1 Effects of environment on the ho8t—parasite interaction 
Tribe (1966) first studied the interaction beween P. oligandrum 
and Botryotrichum piluliferum, among other fungi, on cellulose film. 
He saw no evidence of mycoparasitism nor of a reduction in 
cellulolysis by B. piluliferum in the presence of P. oligandrum. He 
found, however, that P. oligandrum grew well on cellulose in the 
presence of B. piluliferum and some other fungi and he explained this 
by suggesting that the cellulolytic fungus released sugars or other 
soluble nutrients that were utilised by P. oligandrum. Deacon (1976) 
repeated Tribe's work but in somewhat different conditions and found 
evidence of marked mycoparasitism and inhibition of the growth of 
B. piluliferum. These contrasting results have not been explained. 
In the present experiment, the methOds used by Tribe (1966) and 
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Deacon (1976) were compared to see if P. oligandrum behaves 
differently in different experimental conditions.. 
Rayophane cellulose film (PU 525) was cut into strips 5 x 2 cm 
and autoclaved under water for 15 min at 121 0C. Following 
Tribe's technique, the strips were placed on sterile sand (25g) in 
glass Petri dishes and the sand was moistened with 6 ml mineral 
nutrient solution of the following composition (amounts per litre) 
NaNO3(2.0 g), K2HPO4(0.8 g), NaH2PO4 (0.2g), KC1 (0.05g), MgSO4.71120 
(0.05 g), FeSO4.7H20 (0.01 g). For comparison, Deacon's method was 
used: the strips of cellulose film were placed on the surface of agar 
plates, the agar medium being composed as follows (amounts per litre): 
NaNO3 (5 g), KH2PO4 (1.0 g), MgSO4.7H20 (0.5 g), FeC1316H20 (1.0 mg), 
ZnSO4 .7}120 (0.9 mg), MnSO 4.4H 20 (0.4ng), thiamine (100 pg), biotin (10 
pg). Two further treatments were used; in the first, Tribe's sand 
technique was modified by  using Deacon's mineral nutrient solution, 
and in the second Deacon's technique was used but with Tribe's mineral 
nutrient solution. In all cases the strips of film were inoculated at 
the centre of one end with an agar inoculum block of B. piluliferum, 
and a second block of P. oligandrum, isolate IMI 78731 was added about 
5 mm to the side of the first block after 24 h. Strength of the 
cellulose film after 15 days was measured with a ball point 
penetrometer (section 2.3.1.4) at 5 mm intervals along the strips from 
the inocul.um. For this purpose the cellulose strips were floated off 
the sand (where appropriate) and placed on the surface of agar plates 
for support. 
The results (Table 4.1) show that P. oligandrum alone caused no 
detectable strength loss of cellulose film. B. piluliferum alone 
caused strength loss in all treatments, though to different degrees. 
Furthermore, in all treatments the loss in mechanical strength of film 
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was reduced in dual inoculations compared with in inoculations of 
B. piluliferum alone. The smaller strength loss by B. piluliferum 
overlying sand compared with that on agar was probably due to 
irregular growth over the surface of the strips - those overlying sand 
were poorly in contact with the nutrient solution at points along 
their length, and at these points the Botryotrichum grew less well. 
Breakdown of film by B. piluliferum alone was very similar on both 
Tribe's and Deacon's media, irrespective of whether agar or sand was 
used. But in dual inoculation with P. oligandrum, breakdown of the 
film by the mixed colonies was consistently reduced more on Deacon's 
medium than on that of Tribe. 
Table 4.1: Effect of P. oligandrum on breakdown of cellulose film by 
B. piluliferum; comparison of Deacon's and Tribe's 
methods. 
Supporting Nutrient 	 Wt (g) supported by film (Max 75)4 
agent 	solution* B. piluliferum (B.p.) P. oligandrum (P.o.) 
Agar 	Tribe 0 75 27 ± 1.1 
Deacon 0 75 55 ± 0.9 
Sand 	Tribe 41 ± 2.1 75 51 ± 2.3 
Deacon 43 ±. 3.7 75 7. 	± 1.8 
* see text 
means ± S.E. for 8 assessments on each of four replicate strips 
(excluding weight (7g) of penetrometer); 15 days at 25 0C. 
P. oligandrum IMI 78731 was inoculated 24 h after B. piluliferum. 
Little or no further growth of B. piluliferum was detected after 
P. oligandrum was added. It had not formed aerial mycelium after 15 
days and no spores of B. piluliferum were found on this film, in 
contrast with the situation with B. piluliferum alone. In the mixed 
inoculations oogonia of P. oligandrum were formed on the Botryotrichum 
inoculum disc and over the film that had been colonised by 
B. piluliferum prior to inoculation with the Pythiurn. Fully formed 
oospores could be seen 2 days after inoculation. after a further 12 
days, oospores had developed over the entire strip, though the number 
of oospores declined progressively with increasing distance from the 
inocula. On strips inoculated with only P. oligandrum, sparse 
mycelium and very few oogonia were formed, and similar numbers of 
oogonia were produced on and within the agar away from the strip. 
No microscopical evidence of mycoparasitism was seen when the 
strips were inspected after 2, 5 and 15 days. After 5 days, however, 
there were few, if any, remaining hyphae of the Botryotrichum in the 
dual inoculated strips. Whatever the nature of the interaction, the 
experiment provided no evidence that it differs between the different 
experimental conditions. 
4.1.2 Effect8 of different isolatea of P. oligandrum on 
celiu101y81-S by B. piluliferum 
During the 3 years of the this study, all isolates of 
P. oligandrum collected from soil and other natural habitats, isolate4 
by means of agar plates precolonised by Phialophora (section 2.3.3), 
were tested for their effects on cellulolysis by B. piluliferum, using 
cellulose film supported on agar medium as used by Deacon (1976) or 
Deacon & Henry (1978). Often in these tests, P. oligandrum IMI 78731 
was used for comparison. A selection of the results is shown in Table 
4.2. In all cases the isolates of P. oligandrum markedly reduced 
cellulolytic activity by !piluliferum. 
4.1.3 Time couree of the interaction between P. oligandrum 
and B. piluliferum 
Deacon (1976) found that although breakdown of filter paper by. 
Phialophora sp. (lobed hyphopodia) was initially markedly inhibited by 
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P. oligandrum, nevertheless the Phialophora eventually began to regrow 
from the parasitised colony as a thin "fringe" of conspicuously 
pigmented hyphae. An attempt was now made to see if B. piluliferum 
showed similar recovery from inycoparasitism. Agar support and 
Deacon's (1976) medium were used, in view of the results of a previous 
experiment (Table 4.1). Strips of cellulose film were inoculated with 
B.piluliferum and after incubation for 24 h, half were further 
inoculated with P. oligandrum IMI 78731, Observations and 
measurements of the strength of cellulose film were made at intervals 
over 6 weeks' incubation at 25 0C (Table 4.3). 
At the time of addition of P. oligandrum in the dual 
inoculations, B. piluliferum had colonised a zone 2 - 3 mm wide around 
its inoculum disc. In the presence of P. oligandrum this area was 
not seen to have expanded after 7 days. No aerial hyphae were formed 
and most of the substrate hyphae, i.e. those on the surface of the 
film, had lysed. By the same time, when inoculated alone, 
B. piluliferum was growing very well, producing abundant aerial hyphae 
and it had colonised about 90% of the area of each cellulose strip. 
Cellulose film strength was significantly (P = 0.001) higher in dual 
than in single culture (Table 4.3). In the dual inoculation with 
P. oligandrum, slight loss in strength was detected within 20 mm of 
the Botryotrichurn inoculum disc but no breakdown was detected beyond 
this. Large numbers of oogonia had formed on the Botryotrichum colony 
in this treatment, and in several instances hyphae of Pythium were 
seen to be closely associated with the positions of partly lysed 
Botryotrichum hyphae. At the 2 week sampling stage oogonia.of 
P. oligandrum could be found in large numbers up to 30 nun from the 
point of inoculation in dual cultures, and no recognisable structures 
of Botryotrichum were seen. Nevertheless by this 2 week stage 
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Table 4,2: Wt ( g)* supported by cellulose film in dual inoculations 
with B.jiluliferum and isolates of P. oligandrum 
Isolate of 	 Isolate IMI 78731 	Wt(g) supported by 
P. oligandrum + B. piluliferum Uninoculated film 
MF 1 	 3- r. 
2 61.5 ± 2.1 
3 59.8 ± 3.7 43.7 ± 0.9 64 
7 58.0 ± 1.6 
11 49.1 ± 4.2 
13 48.1 ± 1.1 49.0 ± 	1.7 51 
18 49.7 ± 1.3 
10 41.0 ± 6.4 
12 43.1 ± 2.7 
14 44.2 ± 3.1 47.1 ± 6.1 54 
15 41.1 ± 4.7 
19 47.0 ± 1.9 
20 46.5 ± 1.9 
44 39.1 ± 3.1 
51 44.5 ± 3.8 
53 46.7 ± 4.1 
54 38.8 ± 2.9 46.3 ± 2.0 50 
56 37.1 ± 2.7 
57 42.3 ± 2.7 
58 46.6 ± 1.8 
64 44.1 ± 4.1 
81 48.2 ± 2.6 
82 47.9 ± 2.6 49.1 ± 6.1 50 
96 47.8 ± 3.4 
111 	39.1 ± 1.7 
117 46.7 ± 3.9 	42.4 ± 0.9 	 52 
118 	45.0 ± 4.0 
* means ± S.E. for 6 replicate assessments on each of 6 replicate 
strips of film (MF 1 - MF 11) or 3 replicate strips (MF 13 - MF 
118). B. piluliferum alone caused complete strength loss (weight 
suppoted = 0 g). 
the cellulose film shoved at least some strength loss along its 
length in the dual inoculated treatment. After 3 weeks, oogonia of 
P. oligandrum were present in large numbers over the whole strip In 
dual inoculated treatments. They were seen in still larger numbers 
after 6 weeks. Although hyphae of Botryotrichum were not seen on the 
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film in these dual inoculations, spores were seen in the agar 
surrounding the cellulose film at the end furthest from the inoculum 
discs. No such spores were seen on the film itself; they might have 
been present but might have been masked by growth of the Pythium. 
Table 4.3: Time course of the effect of P. oligandrum IMI 78731 on 
breakdown of cellulose film by B. piluliferum 
Inoculum 	 Weight*(g) supported by film after 
lwk 	2wk 	3wk 	6wk 
B. piluliferum 	11.8 ± 2.0 	5.5 ± 0.3 	1.5 ± 0.4 	0 
P. ollgandrum 	63.0 	63.0 	63.0 	63.0 
B. piluliferum 
+ P. oligandrum 	56.0 ± 0.9 	38.0 ± 1.4 	18.3 ± 1.6 	0.9 ± 0.8 
* means of six assessments on each of six replicate strips; max 63 g 
(excludes weight of penetrometer); at 25 0C. 
B. piluliferum is a slow growing fungus with a high rate of 
cellulolysis. A measure of this, analogous to the specific activity 
of enzymes, is provided by the cellulolysis adequacy index (CAl) 
originally devised by Garrett (1966) and discussed by Deacon (1979). 
This was calculated as the quotient of amount of filter—paper 
cellulose decomposition in a standard time over linear growth rate on 
PDA. B. piluliferuin was found by Deacon (1979) to have a high CAl 
value, 4.96. It is not known if B. piluliferum had colonised the 
length of the cellulose film as such in this experiment; because of 
its high CAl value, however, relatively few hyphae would perhaps need 
to escape antagonism by P. oligandrum in order to degrade the 
cellulose film. Such hyphae might have colonised the film at 
intervals from the surrounding agar medium where they might have 
escaped antagonism. Alternatively it is possible that the cellu1se 
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enzymes, once formed, remained active and the cellulolytic products 
could have been utilised by P. oligandrum. 
4.1.4 Interactiona between P. oligandruin and some other Pythium 
- 	 8pp. on celluZoae film 
In the same experimental conditions as above, several 
phytopathogenic Pythium spp. were inoculated onto cellulose film on 
cellulolysis agar (section 2.1) containing nitrate—nitrogen, the 
inocula being pieces of cellulose film, 5 x 5 imn square, but from 
colonies of the fungi growing on similar previously incubated strips 
of film. In some of the replicate ager plates an inoculum disc of 
P. oligandrum IMI 78731, from the margin of a colony on PDA, was 
placed onto each piece of cellulose film 12 hours before the 
phytopathogenic Pythiuin species were inoculated. This was to ensure 
that P. oligandrum became established and could antagonise the other 
Pythium spp. as they began to grow out from their inocula. Preliminary 
tests had shown that introduction of the inycoparasite at the same time 
as the other Pythium app. enabled the latter to escape possible 
parasitism because of their more rapid linear growth rate. 
Assessments of the strength of the cellulose film were made by 
needle penetrometer after 5 and 10 days' incubation at 25 0 C (Table 
4.4). 
All isolates of phytopathogenic Pythium spp. shown in Table 4.4 
reduced the strength of cellulose film by 5 days, and further strength 
loss had occurred by 10 days. This was expected from the results of 
Deacon (1979), and the order of cellulolytic activity found here was 
similar to that reported by Deacon. Visual observation showed that 
the growth rates of the phytopathogens on cellulose were only slightly 
reduced, if at all, by co—inoculation with P. oligandrum. 
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Nevertheless, P. oligandrum was seen to have grown initially from its 
inoculum disc and in almost all cases it significantly reduced 
decomposition of the cellulose film by other Pythium spp. (Table 4.4). 
Of interest, in some cases it seemed to inhibit degradation for at 
least 10 days; for example in the case of P. ultimum P 38, 
P. interrnedium CBS 221.68 and P. heterothallicum CBS 450.67 (Table 
4.4) there was little further decomposition between day 5 and day 10 
in the presence of P. oligandrum, whereas further decomposition of 
the film did occur in the absence of the mycoparasite. 
Table 4.4 Decomposition of cellulose film by several Pythium app. in 
the presence/absence of P. oligandrum XMl 78731 
Wt*( g ) supported by cellulose film 
5 days 	 10 days 
- P. olig + P. olig - P. olig + P. olig 
P. graminicola 
CBS 328.62 0 0 0 0 
P. acanthicum 
IMI 136143 0 21 	± 1.9 0 6 ± 0.3 
P. mamillatum 
CBS 209.68 0 19 ± 0.3 0 0 
P. mamillatum 
PRL 2595 0 43 ± 6.1 0 25 	± 1.1 
P. sylvaticum 
8 H1 5±0.3 39±2.2 0 27 ±2.8 
P. intermedium 
CBS 221.68 11 ± 1.1 47 ± 2.1 3 ± 0.7 45 ± 3.2 
P. irregulare 
CBS 250.28 12 ± 0.6 47 ± 2.2 0 41 ± 1.0 
P. intermedium 
11 H1 13 ± 0.9 39 ± 1.3 1 ± 1,0 6 ± 0.9 
P. ultimufn 
CBS 656.68 19 ± 1.7 33 ± 1.2 5 ± 1.1 21 ± 1.1 
P. heterothallicum 
CBS 450.67 22 ± 3.1 38 ± 1.2 3 ± 2.1 45 ± 1.1 
P. spinosum 
PRL 2146 25 ± 1.6 43 ± 1.6 16 ± 0.8 13 ± 2.6 
P. ultimum 
P 38 28 ± 2.1 51 ± 0.7 14 ± 3.1 48 ± 1.7 
Uninoculated film 50 ± 0.4 50 ± 0.9 
* mean ± S.E. for assessments at 6 points on each of six replicate strips 
of film. 
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The interaction between P. oligandrum and other Pythium app. 
could not easily be followed microscopically, though P. oligandrum was 
seen to coil around hyphae of most other pythia, when their colonies 
met between or around the inocula. A few spiny oogonia of 
P. oligandrum were seen along the lengths of most cellulose strips and 
in the underlying agar. In some cases - though not in the cases of 
P. acanthicum IMI 136143 and P. ultimum P 38 - P. oligandrum was found 
to grow across agar plates precolonised by Phialophora (section 2.3.3) 
when pieces of film were removed from the test strips and used as 
inocula. P. graminicola was the most active cellulose decomposer of 
the Pythium spp. tested, as was also found by Deacon (1979). Notably, 
this species showed no evidence of inhibition by P. oligandrum. It 
completely colonised the cellulose film, even growing into regions in 
which P. oligandrum was well established, and in this case no evidence 
of hyphal coiling was seen. 
In a smaller, additional experiment, P. oligandrum XMl 78731 
was co—inoculated with either P. graminicola CBS 327.62 or 
P. sylvaticum CBS 633.67; the inocula in these cases were 7 mm square 
pieces of cellulose film previously inoculated with the fungi, and for 
the tests the inocula were added to the film at the same time, about 2 
mm apart. Strength of the cellulose film was assessed as before but 
after only 3 days at 25 0C. In addition to the previous assessments, 
the needle penetronieter was used to test strength of the small pieces 
of film used as inocula, and this was done both when these pieces were 
left in situ (so the measurements represent weights supported by both 
the inoculated piece and the underlying film) and when the small 
inoculum pieces were carefully removed and placed on supporting agar. 
The results (Table 4.5) again show that P. oligandrum reduced 
cellulolysis by P. sylvaticum, but it had no detectable effect on 
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P. graminicola, perhaps because this species degraded the cellulose 
very rapidly. Assessments of the inoculum squares with and without 
the underlying cellulose strips showed, for P. sylvaticum, that the 
inoculum squares supported at least 20 g weight on the penetrometer; 
larger weights could not be tested because of the smallness of the 
squares. In the case of P. graminicola the inoculum squares of both 
it and P. oligandrum in dual inoculations were markedly degraded 
(Table 4.5). 	Degradation of the squares of P. oligandrum might have 
been explicable by the action of free, diffusible cellulases produced 
by P. graminicola. But microscopical examination showed that the 
inoculum squares of P. oligandrum had been invaded by P. graminicola 
which formed its characteristic hyphal swellings and "rooting 
branches" (Deacon, 1979) in the squares. So the experiment 
demonstrated that P. graminicola is markedly resistant to antagonism 
by P. oligandrum. 
4.1.5 Effeota of Pythium ap. (SWO) on oellulolyais by B. piluliferum 
Isolates of the non—echinulate oogonial Pythium sp., designated 
Pythium sp. (SWO), were tested for their effects on cellulolysis by 
B. piluliferum in identical conditions to those used in the previous 
experiment. For comparison, some strips inoculated with 
B. piluliferum were also inoculated with either P. oligandrum IMI 
78731 or P. sylvaticum IMI 211456, a non—mycoparasitic species. The 
pythia were added to the cellulose strips 1 day after B. piluliferum. 
Strength of the cellulose film was assessed by needle penetrometer 
after 9 days' incubation at 25 0C (Table 4.6). 
The results show that, as expected P. oligandrum markedly 
reduced cellulolysis by Botryotrichuin whereas the non—mycoparasitic 
species P. sylvaticum had no such effect; it was, itself, 
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cellulolytic. All isolates of Pythium sp. (SWO) reduced the amount of 
cellulolysis by Botryotrichum but much less so than did P. oligandrum. 
In the presence of Botryotrichum, Pythium sp. (SWO) formed numerous 
oogonia, and mycelial growth and sporulation by the Botryotrichum 
itself was markedly reduced by the Pythium. 
Table 4.5: Weights supported by strips of cellulose film and by the 
cellulose film inocula of P. sylvaticum (CBS 633.67), 
P. graminicola (CBS 327.62) and P. oligandrum (IMI 78731), in 
single and dual inoculations 
Inocu lum 
	
Component assessed 	Mean weight ( g )* 
supported 
P. sylvaticum alone Cellulose test trip 11 
Inoculum square 12.5 
Inoculum plus test strip 33.3 
P. sylvaticum plus Cellulose test strip 29 
P. oligandruni P. sylvaticum inoculum square >20 
Inoculum plus test strip >50 
P. oligandrum inoculum square >20 
Inoculum plus test strip >50 
P. graminicola alone Cellulose test strip 0 
Inoculum square 0 
Inoculum plus test strip 2 
P. graminicola plus Cellulose test strip 1 
P. oligandrum P. graminicola inoculum square 0 
Inoculum plus test strip 8.5 
P. oligandrum inoculum square 0.3 
Inoculum plus test strip 10.0 
* For measurements on 3 replicate strips; 3 days' incubation at 25°C; 
the inoculants were added at the same time. 
4.1.6 Investigation of further hosts of mycoparasitio pythia 
During the course of studies on decomposition of cellulose 
film, a number of small experiments were done in order to determine 
the degrees of susceptibility of different fungi to the mycoparasitic 
pythia. These experiments often incorporated further treatments. 
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Table 4.6: Comparison of the effect of Pythium ap. (SWO) with that of 
P,oligandrum (IMI 78731) and P. sylvaticum (IMI 211456) in 
breakdown of cellulose film by B. piluliferum, in dual inoculations 
Wt (g) supported by film (max 52 g )* 
Fungus alone 	B. piluliferum plus 
Pythiurn 
Botryotrichum piluliferum 	 9 ± 4.1 	 - 
P. oligandrum 	 50 ± 0.9 	 47 ± 1.6 
P. svlvaticum 	 19 ± 2.9 	 11 ± 2.1 
Pythium sp. (SWO) 
Isolate SWO 13.3 	 .47 ± 3.1 	 35 ± 7.6 
Isolate SWO 17.3 52 ± 1.0. 41 ± 9.1 
Isolate SWO 51.4 	 51 ± 4.7 	 27 ± 2.2 
* means ± S.E. for 6 assessments on each of 3 replicate strips of film, 
after 9 days' incubation at 25 0C; the pythia were inoculated 1 day 
after inoculation of B. piluliferum 
Table 4.7: Susceptibilities of several fungi to parasitism by 
P. oligandrum (IMI 78731) and two isolates of Pythium sp. (SWO) 
Wt (g) supported by cellulose film* 
Alone 	+ P. oligandrum 	+ Pythium sp. (swo) 
SWO 13.3 	swo 51.4 
Alternaria tenuis 
MF 2 0 7 ± 3.2 2 ± 0.8 8 ± 2.5 
Rhizoctonia solani 
R3 0 0 0 0 
Fusarium culmorum 
CD 9 0 1 ± 0.5 0 8 ± 3.3 
Phialophora sp. 
IMI 187786 1 	±0.7 31 ± 2.7 18 ± 4.2 29 ± 1.1 
Fusarium nivale,L 8 	± 0.5 38 ± 1.4 27 	± 3.9 37 ± 1.5 
* 	means ± S.E. 	for eight assessments on each of six strips of film, after 
9 days at 25 0C. 
/. 	School of Agriculture stock culture collection 
Table 4.7 shows strength loss of cellulose film brought about 
by five fungi in the presence/absence of P. oligandrum 1141 78731 and 
two isolates of Pythium sp. (Swo). All fungi tested, namely 
Phialophora sp. (lobed hyphopodia), Fusarium nivale, F. culmorum, 
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Alternariatenuis and R. solani, almost completely or completely 
reduced strength of the cellulose film when inoculated alone. 
However, they showed a range of apparent susceptibility to 
P. oligandrum, with Phialophora ap. and F. nivale being most severely 
affected, and the same patterns of apparent susceptibility were shown 
towards isolates of Pythium sp. (SWO) (Table 4.7). It is notable that 
in this experiment one of the isolates of Pythium sp. (SWO) caused a 
reducton in cellulolysis bthe other fungi equivalent to that caused 
by P. oligandrum. 
Table 4.8 shows the strength of cellulose film after 14 days 
when inoculated with Phialophora ap. (lobed hyphopodia) or Fusarium 
culmorum (CD 9) alone or in combination with P. oligandrum IMI 78731 
and incUbated at different temperatures. Even after extended 
incubation, P. oligandrum markedly reduced cellulolysis by both fungi, 
more so in the case of Phialophora than in the case of F. culmorurn, 
and the inhibition of cellulolysis was evident at all temperatures in 
the range 10 - 30°C. 
Table 4.8: Weight (g)*  supported by cellulose film inoculated with 
Phialophora sp. or Fusarium culmorum in the presence/absence of 
P. oligandrum (IMI 78731), at different temperatures 
Temperature ( °C) of incubation 
10 	15 	20 	25 	30 
Phialophora sp. (Ph.) 30 ± 3.1 15 ± 	1.9 0 0 0 
F. culmorum (F.c.) 24 ± 	2.1 9 ± 2.6 0 0 0 
P. oligandrum (P.0) 52 52 52 52 52 
Ph. 	+ P.o. 50 ± 2.1 46 ± 0.9 48 ± 1.6 43 ± 5.1 40 ± 4.7 
F.c. + P.o. 	 36 ± 1.7 33 ± 1.6 33 ± 4.5 18 ± 2.1 	8 ± 0,5 
* means ± S.E. for measurement at six points on each of six strips of 
film, after 14 days' incubation. 
Table 49 shows results of the interactions between four 
cellulolytic fungi and either P. oligandrum IMI 78731 or P. ultimum 
CBS 656.68. The latter was chosen for comparison with P. oligandrum, 
as an example of a., phytopathogen that has weak cellulolytic activity 
(Table 4.4). In addition to assessments of strength loss of cellulose 
film, a microscopical examination was made of growth and sporulation 
by the fungi. 
Table 4.9: Growth of four çellulolytic fungi on cellulose film in the 
presence/absence of the mycoparasite P. oligandrum (IMI 78731) 
or the phytopathogen P. ultimum (CBS 656.68) 
Cellulolytic fungus 
Botryotrichum Fusarium Trichoderma Rhizoctonia 
piluliferum 	culmorum 	viride 	solani 
Wt (g) supported by 
cellulose film* 
Fungus alone 
+ P. oligandrum 
+ P. ultimum 
0 	 7.6 ± 1.6 	1.1 ± 0.5 	0 
44.1 ± 3.1 	0.3 ± 0.7 11.5 ± 1.7 0 
2.5 ± 2.8 1.4 ± 3.1 	0.2 ± 0.5 	0 
In the presence of 
P. oligandrum: 
Growth of cellulolytic 
fungus 	 very poor 	poor 	poor 	' good 
Oogonia of Pythium ' 	profuse numerous 	numerous 	poor 
In the presence of 
P. ultimum 
Growth of cellulolytic 
fungus 	 good 	good 	good 	good 
Oogonia of Pythium 	numerous 	'sparse none sparse 
* (max 52 g) means ± S.E. for 8 assessments on each of 3 strips of film, 
aftef 11 days' incubation at 25 0 C. 
Again, B. piluliferum was markedly inhibited by P. oligandrum, 
but it was little affected by P. ultimum. In contrast, F. culmorum, 
T. viride and R. solani were little affected, if at all, either by 
P. oligandrum or by P. ultimum. T. viride was the only one of these 
fungi that showed any sign of reduced cellulolysis in the presence of 
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P. oligandrum; this is reflected in the fact that its growth was seen 
to be poor in this treatment, and the mycoparasite, P. oligandrum, 
had produced numerous oogonia. In general the results for oogonium 
production by P. oligandrum (Table 4.9) are inversely related to the 
visual estimates of growth by the cellulolytic fungi in dual 
inoculations. P. ultimum produced very few oogonia in any treatment 
except in the presence of B. piluliferum. It might, of course, have 
grown on the cellulose film by producing cellulases, though it was 
purposefully selected not to do so, as explained earlier. Its 
production of oogonia in the presence of B. piluliferurn is somewhat 
surprising; seemingly P. ultimum is able to obtain the materials 
needed for sexual reproduction, notably sterols, from a close (non-
parasitic?) association with B. piluliferum. 
4.2 	INTERACTIONS ON FILTER PAPER 
A range of experiments was done to investigate the interactions 
of mycoparasitic and non—mycoparasitic Pythium spp. with each other and 
with other fungi on wads of filter paper. The method (section 2.3.2) 
was essentially as used by Deacon (1976) and was a modification of 
that originally used by Garrett (1966). Of note is the fact that 
nitrate—nitrogen was used in all cases, so both the nitrogen source 
and the carbon source (cellulose) would have been unsuitable for 
growth by P. oligandrum or other mycoparasitic species (section 
3.2.2.2). In most of these experiments, Phialophora sp. (lobed 
hyphopodia) rather than B. piluliferum was used as the cellulolytic 
fungus, because it grew much faster across the cellulose wads and its • 
growth could be seen more clearly because of the dark pigmentation of 
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its hyphae. 
4. 2.1 Effecta of mycoparaaitw and phytopathogenic Pythium app. 
on cellulolysiB by Phialophora op. 
Sterile wads of filter paper were inoculated with 11 mm diam. 
inoculum discs of Phialophora sp. isolate IMI 187786 or of several 
Pythium spp. listed in Table 4.10. After 3 days, some of the flasks 
inoculated with Phialophora were inoculated with a Pythium sp. placed 
immediately beside the original inoculumon the margin of the filter-
paper wad. Six isolates of P. oligandrum were compared with four 
isolates representing phytopathogenic Pythium spp. The flasks were 
incubated for 7 weeks at 259C and the weight loss of filter paper 
was then determined as explained in section 2.3.1.2. 
As shown in Table 4.10, Phialophora alone made good growth on 
the filter paper, causing nearly 1 g weight loss of the substrate 
(about 14% of the original dry weight). P. mamillatum and 
P. sylvaticum were seen to grow when inoculated alone on the filter 
paper, and they caused measurable weight loss of the cellulose. None 
of the other Pythium spp. was seen to grow or to degrade the filter 
paper when inoculated alone. All isolates of P. ollgandrum 
significantly (P = 0.001) reduced cellulolysis by Phialophora (Table 
4.10). In flasks dual inoculated with P. ultimum, P. spinosum, 
P. mamillatum or P. sylvaticum and Phialophora, the weight losses were 
also reduced, but to a lesser extent (only 12-27%). The rate of 
growth by Phialophora over the filter_paper wads was not reduced in 
these treatments with phytopathogenic pythia, whereas it was 
immediately and completely inhibited by P. oligandrum. Inspection 
showed that mycelia of P. mamillatum and P. sylvaticum were present 
over the surface of the wads in single inoculations. No growth of 
P. ultimum, P. spinosum and P. oligandrum could be seen in the same 
way, and unfortunately the extent of colonisation was not determined 
before the wads were destructively sampled. Nevertheless, 
observations were made of growth by P. oligandrum in a separate small 
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experiment which was designed to measure colonisation by this and also 
by Phialophora in dual culture. P. oligandrum (IMI 78731) and 
Phialophora sp. (isolate IMI 187786) were inoculated singly or 
together. After 2 weeks, the wads were carefully removed and small 
pieces of filter paper were picked out of the top circle of paper 
using sterilised forceps. Pieces were taken at points 5 mm apart 
along the diameter of the circle, the first point being under an 
inoculum disc. The samples were plated onto PDA and outgrowth, by 
4 either P. oligandrum or Phialophora was scored after 2 and 5 days' 
incubation (Table 4.11). 
Table 4.10: Effects of Pythium spp. on weight loss of filter paper caused 
by Phialophora sp. (lobed hyphopodia) 
Weight loss (mg)* 
Inoculum 	Fungus alone 	Phialopora 	Per cent reduction of weight 
plus Pythium loss caused by Pythium 
Phialophora sp. 951 ±71 	 - 
P. o1iandrum 
IMI 78731 0 (-12 ±4.1) 21 ± 8.1 98 
9a 0 (-10 ±2.7) 26 ± 2.6 97 
13 H1 0 (- 1 ±0.5) 29 ± 10.5 97 
18a 9 ± 4.6 39 ± 4.6 96 
.11 0 ( 	 5 	± 1.1) 54 ± 12.6 94 
TR4H2 0 (-22 ±2.1) 81 ± 58 92 
P. ultimum 
P 38 	 0 (- 5 ± 6.1) 695 ± 27.5 	 27 
P. spinosum 
PRL 2146 	0 (-15 ±2.7) 708 ± 157.7 	 26 
P. mamillatum 
PRL 2595 	38. ±3.1 	740 ± 27.1 	 22 
P. sylvaticum 
	
133 ± 5.7 	838 ± 36.8 	 12 
* means ± S.E. for 4 replicates; 7 weeks' incubationat 25 0C 
LSD 163 (P = 0.05), 219 (P = 0.01), 289 (P = 0.001). 
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P. oligandrum had extended 15 nun from its inoculum disc when 
incubated alone, whereas Phialophora had extended across the whole 
filter paper surface by 14 days. In dual—inoculated flasks, no 
further colonisation of the top circle by Phialophora was detected. 
after the inoculum of P. oligandruin was added. P. oligandrum, 
however, had grown across most of the circle. Perhaps its presence 
would have interfered with the subsequent detection of Phialophora on 
PDA plates, because frequent observations during the course of this 
work showed that usually only P. oligandrum grew out onto PDA from an 
inoculum of mixed colonies. An attempt was made to overcome this 
interference by adding aureomycin, which is inhibitory to 
P. oligandrum, to other PDA plates. But Phialophora was not detected 
any further across the filter_paper wads than before, even when growth 
by the Pythium was suppressed on the PDA plates. 
Table 4.11: Estimation of extents of colonisation of filter—paper wads by 
Phialophora sp. (lobed hyphopodia)and P. oligandrum when each 
was inoculated alone or together 
Distance from inoculum (mm) 	. 
0 	5 10 15 20 25 30 35 40 45 50 55 , 60 65 
Phialophora 	 ,.'.. 
alone,dayl4 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	* 	+ 
Pythium 
alone,dayl4 	+ + + 	+ 	o o o o o o o o oo 
In dual inoculation 
Phialophora 
day 3 	 + + + + + o o o o o o 00 
dayl4 + + + + + o 0 0 0 0 0 0 0 - 
Pythium 
dayl4 	 + + + + + o + + + + + + + - 
+ present 
o absent 
- not tested 
4.2.2 Effecta of P. oligandrum, P. acanthicu, P. periplocum and 
Pythium ap. (SWO) on callulolysa by Phialophora ap. 
In two experiments similar to those above (Tables 4.12 and 4,13) 
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the effects of isolates of P. acanthicum, P. periplocum and Pythium sp. 
(SWO) were compared with those of isolate IMI 78731 of P. oligandrum in 
dual inoculation of filter-paper wads with Phialophora sp. The 
experiment involving Pythium sp. (SWO) was incubated for 5 weeks and the 
inocula of Pythium and Phialophora were added simultaneously. 
All isolates of P. periplocum and P. acanthicum caused a marked 
reduction in cellulolysis and an inhibition of growth by Phialophora 
(Table 4.12). The results were no different in these respects from those 
obtained for P. oligandrum. In most cases the Phialophora grew out only 
to a distance of 5 - 10 mm from its inoculum during the first 2 days' 
incubation and this growth occurred only on the side of the inoculum disc 
furthest from the Pythium inoculum. No further growth was seen. 
Table 4.12: Effects of P. acanthicum and P. oligandrum on cellulolysis by 
Phialophora sp. (lobed hyphopodla) 
Vt lass (mg)* of filter paper 
Single 	Phialophora plus 	Per cent inhibition 
inoculation 	Pythiuml' 	caused by Pythium 
Phialophora sp. 785 - - 
P. oligandrum 
IMI 	78731. 0 14 98 
P. acanthicum 
CBS 429.68 0 30 96 
CBS 434.68 0 74 91 
CBS 432.68 0 75 90 
P. periplocum 
CBS 170168 0 35 . 	 95 
CBS 289.31 0 91 88 
* means for 3 replicates, 6 weeks incubation at 25 0C 
, Phialophora inoculated 3 days before. Pythium spp. 
LSD 71 (P = 0.05), 128 (P = 0.001). 
The three isolates of Pythium ap. (SWO) had been recently 
isolated from soil by the Phialophora plate technique (section 2.3.3). 
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They displayed considerable'entagonisrn towards Phialophora (Table 
4.13) though the reduction in weight loss caused by the addition of 
Pythium sp. (SWO) to flasks containing Phialophora was significantly 
less than that caused by P. oligandrum. The growth by the Phialophora 
was seen to be inhibited by Pythium sp. (SWO) but less so than in the 
case of P. oligandrum (Fig. 4.1). The Phialophora usually grew part way 
across the filter-paper wads before its advance was halted. 
Table 4.13: Effects of Pythium sp. (Swo) and P. oligandrum on cellulolysts 
by Phialophora sp. (lobed hyphopodia) 
Wtloss (mg)* of filter paper 
Single 	Phialophora plus 	Per cent inhibition 
inoculation 	Pythium 	caused by Pythium 




38 ± 5 
	
89.1 
Pythium sp. (SWO),L 
Swo 7 	 93 ± 9 	 73.4 
SWO 17.3 123 ± 10 64.8 
SwO 13.3 
	
129 ± 13 
	
63.0 
* means ± S.E.for 3 replicates, 5 weeks' incubation at 25 0C 
7L inoculated simultaneously 
LSD 26 (P = 0.05), 48 (P = 0.001), 
4.2.3 Comparative effecte of Pythium sp.(SWQ), P. scieroteichum 
and P. vexans on cellulolysia by Phialophora 8p. 
Pythium sp. (swo) has been identified provisionally as P. vexans 
or P. scléroteichum (section 3.1.3). So it was of interest to compare 
isolates of these species with Pythium sp. (SWO), especially as neither 
of these named pythia has been reported as a mycoparasite. • The 
experimental procedure was as above except that inocula of Phialophora 
sp. and the Pythium spp. were not added simultaneously: the pythia were 




Figure 4.1: Visibl. growth of Phialophora sp. (lobed hyphopodia) (IMI 
187786)* across filter-paper wads, in the presence/absence 
of Pythium sp. (SWO) isolate 7, or P. oligandruin IMI 78741, 
after 5 weeks' incubation at 25 0C. 
Inoculum disc of Pythium 
sp. (SWO) 
Inoculum disc of 
Phialophora 
Growth by Phialophora 
Inoculum disc of 
P. oligandruin 
Inoculum disc of 
Phialophora 
* Phialophora sp. alone fully colonised the surface of the filter-paper 
wad. 
Table 4.14: Comparative effects of Pythium ap. (SWO), P. scieroteichum, 
P. vexans and P. oligandrum on. growth by Phialophora sp. 
(lobed hyphopodia) on filter paper. 
Delay in inoculation Vt loss (mg)* of_filter paper 
of Pythium/- 	Single Phialophora + Pythiurn 
Phialophora sp. 427 - 
IMI 187786 
P. oligandrum 1 0 31 
IMI 78731 3 60 
Pythium sp. (SWO) 1 10 328 
SWO13 3 385 
P. vexans 1 241 326 
CBS 270.68 3 439 
P. scleroteichum 1 39 327 
CBS 295.37 3 439 
* means for 3 replicates, 8 weeks' incubation at 25 0C. 
,L The pythia were added to the flasks either 1 or 3 days after 
Phialophora sp. had been added. 
LSD, 97 mg (P= 0.05) 
As seen fromTable 4.14, P. oligandrum caused a marked 
reduction in cellulolysis by Phialophora when added either 1 or 3 days 
after the cellulolytic fungus. P. vexans and P. scleroteichum caused 
only small reductions in cellulolysis, and they themselves were able 
to grow on the filter—paper wads in pure culture. Pythium sp. (SWO) 
did not cause a marked reduction in cellulolysis by Phialophora in 
this experiment, unlike the last. The reason may. have been that 
inoculatiOn was delayed and the Phialophora could therefore escape 
antagonism. This is consistent with the fact that Pythium ap. (SWO) 
caused even less reduction when inoculated after 3 days than after 1 
day. In this respect it is notable that Pythium ap. (SWO) grows very 
slowly and is likely to be "outpaced" by the Phialophora, especially 
if the latter is prevLously established from its inoculum. 
Visual observation during the experiment showed that Pythium sp. 
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(SWO) behaved differently from P. vexans or P. acleroteichum. 
Colonisation of the filter paper by Phialophora was visibly retarded 
and never complete in the presence of Pythium sp. (SWO) whereas it was 
complete in the other treatments; also the aerial mycelium of 
Phialophora had been collapsed by Pythium sp. (SWO) by 5 weeks after 
inoculation, but not by P. vexans or P. scleroteichum. 
4.2.4 Effeeto of P. oligandrum on cellulolyaia by other Pythium app. 
In this experiment various phytopathogenic Pythium spp. were 
inoculated alone and in combination with P. oligandrum XMl 78731, the 
inycoparasite being added 3 days after the phytopathogen. The flasks 
were incubated at 25 0C and sampled after either 26 or 29 days, 
two replicates being sampled on each occasion, because of the lack of 
facilities for sampling all of the flasks at one time. Nevertheless 
the filter—paper weight losses were not significantly different at the 
two sampling times, so the results of the four replicates of each 
treatment were combined. The experiment had two main purposes: 
firstly to assess any effect of P. oligandrum on cellulolysis by other 
pythia, and secondly to test a wider range of isolates of 
P.raminicola (and P.arrhenomanes) than had been tested to date for 
their cellulolytic activities. 
Table 4.15 shows substantial cellulolysis by all four isolates of 
P. graminicola and also by an isolate each of P. arrhenomanes, 
P. irgulare, P. debaryanum, P. sylvaticum, P. intermedium and 
P. mamillatum. Also isolate XMl 136143 of P. acanthicum was 
obviously cellulolytic, as previously reported by Deacon & Henry 
(1978); this isolate is behaviourally different in several respects 
from mycoparasitic isolates of P. acanthlcum (Deacon & Henry, 1978) 
though it apparently conforms to the species concept of P. acanthicum, 
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as discussed earlier (section 3.4). 
Table 4.15: Weight loss of filter paper caused by Pythium spp. in the 
presence/absence of P. oligandrum (IMI 78731) 
Weight loss 	Per cent inhibition 
(mg)* caused by P. oligandrum 
P. graminicola CBS 327.62 158.7 ± 12.4 
+ P. oligandruin 137.0 ± 18.6 13.7 
P._jraminicola CBS 328.62 185.7 ± 10,7 
+ P. oligandrum 126.0 ± 10.3 32,1 
P. graminicola CBS 342.68 252.2 ± 14.8 
+ P. oligandrum 184.5 ± 19.1 26.8 
P. graminicola IMI 91329 198.2 ± 11.4 
+ P. oligandrum 148.4 ± 17.5 25.1 
P. arrhenomanes IMI 145456 266.2 ±21.1 
+ P. oligandrum 145.9 ± 17.3 45.2 
P. acanthicum IMI 136143 144.7 ± 7.7 
+ P. oligandrum 101.4 ± 11.7 29.9 
P. 	irregu!.ii 	CBS 	469.50 179.4 ± 10.2 
- + P. oligandrum 82.0 ± 8.2 54.3 
P.debaryanum CBS 265,38 140.0 ± 8.0 
+ P. oligandrum 72.8 ± 10.0 48.0 
P. debaryanum CBS 485.58 117.9 ± 9.8 
+ P. oligandrum 116.4 ± 13.3 1.3 
P. sylvaticum IMI 211456 95.6 ± 13.1 
+ P. oligandrum 60.9 ± 6.0 36.3 
P. intermedium 11 H 150.6 ± 8.1 
+ P. oligandrum 88.9 ± 12.4 41.0 
P,mamillatum CBS 251.28 184.5 ± 12.4 
+ P. oligandrum 107.3 ± 6.2 41.8 
Pi oligandrum + 12.0 ± 1.6 - 
* means ± S.E. 	for 4 replicates; 26-29 days at 25 0C. 
P. oligandrum alone was not cellulolytic but it substantially 
reduced celiulolysis caused by several other pytha, by between 25 and 
547.. It had least effect on cellulolysis by isolate CBS 327.62 of 
P. graminicola and by isolate CBS 485.58 of P. debaryanum. However, 
the significance of these findings is unclear because other isolates 
of these species (e.g. isolate CBS 328.62 of P. graminicola and 
isolate CBS 265.38 of P. debaryanum) were as markedly inhibited as 
were other Pythium spp. All of the Pythium spp. were less markedly 
inhibited by P. oligandrum than were, for example, Phialophora sp. and 
B. piluliferum in other tests. So the Pythium spp, do not seem, in 
general, to be highly susceptible to mycoparasitism by P. oligandrum, 
4.2.5 Interaction of P. oligandruni with a mixture of 
cellulolytic fungi 
In the experiments described so far to determine the effects of 
mycoparasitic pythia on growth by cellulolytic fungi, a simple system 
was used in which only two fungi were present. In the following 
experiment the complexity of the "model" was increased by the addition 
of another cellulolytic fungus to the system. 
Wads of filter paper were inoculated with Phialophora sp. 
(isolate IMI 187786), P. oligandrum (IMI 78731) and P. acanthicum (IMI 
136143) separately. After 3 days, inoculum discs of the pythia were 
added singly to wads previously inoculated with Phialophora, and in 
one treatment both pythia were added together to the Phialophora 
flasks. The weight losses of filter paper were determined after-a 
total of 6 weeks at 250C (Table 4.16). 
Visual observation at 2 weeks showed that Phialophora sp. when 
alone, had completely colonised the area of the filter—paper wads, as 
had P. acanthicum when it was inoculated alone. In the dual 
inoculations of Phialophora sp. and P. acanthicum, both species were 
seen to grow across the filter paper. The Phialophora was seen by. 
virtue of its dark hyphae and the Pythium because of its abundant 
white aerial mycelium. Table 4.16 shows that both fungi degraded the 
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filter paper and that the amount of. cellulolysis was not reduced by 
dual inoculation; in fact it was significantly (P = 0.05) greater in 
the presence of both fungi than in the presence of either alone (Table 
4.16). P. oligandrum markedly reduced cellulolysis by Phialophora and 
was seen to cause marked reduction of vegetative growth. It also 
reduced cellulolysis in the three—membered culture, but to a lesser 
degree. Visual observation suggested that Phialophora was even more 
severely affected in the three membered culture than in dual culture 
with P. oligandrum. This observation, coupled with evidence in Table 
4.15 that P. acanthicum XMl 136143 is only moderately affected by 
P. oligandrum, suggests that the total weight loss of 145 mg in the 
three membered culture (Table 4.16) was due mainly, if not entirely, 
to the activities of the cellulolytic P. acanthicum. 
Table 4.16: Effects of Pythium oligandrum, Phialophora sp. (lobed 
hyphopodia) and P. acanthicum added singly or together, on 
weight loss of filter—paper cellulose 
Weight loss of filter paper (mg)* 
Phialophora sp. 
IMI 187786 	 504 ± 67 
Pythium acanthicum (P.a) 
IMI 136143 	 201 ± 12 
Pythium oligandrum (P.o.) 
IMI 78731 	 . 	 0 (-27 ± 6) 
Phialophora + P.o. 	 35 ± 13 
Phialophora + P.a. 	 . 	724 ± 140 
Phialophora + P.o. + P.a. 	 145± 	9 
* means ,± S.E. for 4 replicates, 6 weeks' incubation at 25° C. 
LSD 187 (P = 0.05), 256 (P = 0.01). 
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4.3 INTERACTIONS ON STERILE WHEAT STRAW 
In four separate experiments, detailed below, the interactions 
between mycoparasitic pythia and Phialophora sp. (lobed hyphopodia) 
were studied in flasks containing approximately 7 g accurately 
weighed and autoclaved wheat straw moistened with cellulolysis medium 
(section 2.1), The experimental procedure was similar to that with 
filter—paperwads. Phialophora sp. was inoculated at the perimeter of 
the mass of straw and an inoculum of a Pythium sp. was added 3 days 
later, alongside the inoculum disc of Phialophora. The flasks were 
incubated for various times at 25 0C and the weight loss of straw 
was then determined. 
In the first experiment (Table 4.17), P. oligandrum IM1 78731 
was found to cause some weight loss of straw, but Phialophora caused 
much more weight loss. The dual—inoculated flasks showed even less 
weight loss than in the case of P. oligandrum alone, though not 
significantly so. Visual observation during the experiment showed 
• that P. oligandrum markedly inhibited Phialophora; the latter seemed 
to make no further growth across the straw after P. oligandrum was 
added. 	 • 
Table 4.17: Effects of P. oligandrum and Phialophora sp. on the 
decomposition of sterile wheat straw 
Weight loss (mg)* of straw 
Phialophora 




327 ± 17 
Phialophora + P. oligandrum • 	282 	± 	35 
* means ± 	S.E. for 4 replicates,7 weeks at 250C. 
In the second experiment (Table 4.18) a similar marked effect 
on Phialophora was shown by P. oligandrum IMI 78731 and by one isolate 
each of P. acanthicum CBS 429.68 and P. periplocum CBS 170.68. In 
contrast, P. mamillatum and P. ultimum, used for comparison, caused no 
reduction in weight loss of straw brought about by Phialophora. 
P. acanthicum IMI 136143 also did not inhibit straw decomposition by 
Phialophora; this result was expected. But the behaviour of another 
isolate of P. acanthicurn - CBS 430.68 - was not expected; this known 
mycoparasitic isolate of P. acanthicum did not have as marked an 
effect on the Phialophora as did the other mycoparasites. A final 
interesting feature of the results is that all isolates of Pythium, 
despite their differences in biology, caused broadly similar amounts 
of straw decomposition when inoculated alone (Table 4.18). 
Table 4.18: Decomposition of sterile wheat straw by several isolates of 
Pythium spp. and by Phialophora sp. (lobed hyphopodia) 
Wt loss (mg) of straw* 
Inoculum 	 Fungus alone Phialophora + Pythium 
Phialophora 
IMI 187786 	 1269 ± 61 
P. oligándrum 
IMI 78731 	 312 ± 9 	478 ± 4 
P. acanthicum 
CBS 429.68 218 ± 21 369 ± 18 
CBS 430.68 370 ± 48 959 ± 32 
IMI 136143 332 ± 2 1277 ± 57 
P. periplocum 
CBS 170.68 331 ± 4 406 ± 41 
P. mamillatum 
PRL 2595 319 ± 1 1211 ± 11 
P. ultimum 
P 38 250 ± 15 1297 ± 65 
* means ± S.E. for 3 replicates, 7 weeks at 25 0C 
LSD 97 (P = 0.05). 
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In a supplement to this experiment (Table 4.19), two further 
isolates of P, 	locum were also shown significantly (P 	0.001) to 
reduce straw decomposition by Phialophora. 
All these results were consistent with visual observations on 
growth by Phialophora in th& flasks. 
Table 4.19: Effects of P. oligandrum and two isolates of P. periplocum on 
decomposition of wheat straw by Phialophora sp. (lobed 
hyphopodia) 
Weight loss (mg)* of straw 
Fungus alone 	Phialophora + Pythium 
Phialophora 1113 ± 25 	 - 
P. oligandrum 
IMI 78731 285 ± 17 	 212 	± 21 
P. periplocum 
CBS 532.74 260 ± 14 	 223 	± 36 
CBS 289.31 304 ± 	3 207 	± 18 
* means ± S.E. for 4 replicates, 8 weeks at 250C 
The puzzling result for isolate CBS 430.68 of P. acanthicum 
(Table 4.18) prompted a further experiment in which the isolate was 
inoculated with Phialophora sp. on both filter—paper wads and wheat• 
straw (Table 4.20). After 2 weeks' incubation on filter paper, both 
P. oligandrum IMI 78731 and P. acanthicum CBS 430.68 had caused marked 
inhibition of Phialophora, and the effect became even more pronounced 
after 12 weeks' incubation because the Phialophora made little or no 
further growth in the presence of either Pythium species. In flasks 
of straw, however, the results were similar to those in Table 4.18. 
Initially both P. oligandrum and P. acanthicum CBS 430.68 reduced the 
amount of straw decomposition caused by Phialophora but by 12 weeks 
Ofli the isolate of P. oligandrum showed a persistent inhibitory 
effect - the amount of strawdecomposition in the presence of 
115. 
P. acanthicum was much greater and approached that caused by 
Phialophora alone. 
This result might be explained in two ways. Etther the 
Phialophora progressively or eventually escapes inhibition by the 
Pythium, such that it can continue to degrade the straw, or 
P. acanthlcum is able to cause progressive and extensive breakdown of 
the straw. A clear distinction cannot be made between these 
possibilities at present: visual observation at 2 weeks showed that 
P. acanthicum stopped, almost immediately after its inoculation, the 
outgrowth of pigmented hyphae of .  Phialophora away from the inoculurn 
disc, and this inhibition was marked throughout the incubation. 
However, this observation does not preclude the possibility of 
cellulose decomposition by hyaline or lightly pigmented hyphae of.  
Phialophora, which would not be seen by visual observation. 
Table 4.20: Comparison of the effects of P. oligandrum (isolate IMI 78731) 
and P. acanthicum (isolate CBS 430.68) on decomposition'of 
filter paper cellulose and wheat straw by Phialophora sp. at 
25° C 
Weight loss (mg)* of substrate 
2 weeks 	 12 weeks 
Fungus alone Phialophora Fungus alone Phialophora 
+ Pythium 	 + Pythium 
Filter paper 
Phialophora sp. 
IMI 187786 (Ph.) 	269 ± 21 	- 
Ph. + P. o1igandrum 	0 	 39 ± .3 
Ph. + P. acanthicum 22 ± 3 	49 ± 11 
Straw 
Phialophora sp. 	652 ± 40 	- 
	
690±31 	- 
0 	 21±9 
0 28±7 
1126 ±71 	- 
Ph. + P. oligandrum 196 ± 29 290 ± 31 243 ± 29 315 ± 11 
Ph. + P. acanthicum 228 ± 13 323 ± 42 218 ± 33 827 ± 52 
* means ± S.E. for 3 replicates 
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4.4 	INTERACTIONS IN LIQUID MEDIA 
With the exception of transparent cellulose film and 
transparent agar media, details of interactions between mycoparasitic 
pythia and other fungi are difficult to discern on solid substrata 
because of the problems associated with microscopical observations. 
An attempt was now made to overcome this difficulty by using liquid 
culture media, and use was made of the fact that P. oligandrum and 
similar fungi cannot utilise nitrate-nitrogen whereas most of the 
potential host fungi can do so. Thus, it was argued that any growth 
made by rnycoparasites in media containing only nitrate as a nitrogen 
source would be dependent on a supply of a suitable nitrogen source by 
other fungi (section 3.2.2.2). In these experiments, special attention 
was given to the abilities of different fungi to provide nutrient 
sources suitable for growth by P. oligandrum, either while these fungi 
were alive or when their hyphae had been damaged or disrupted. 
4.4.1 Prelirninary obaervationo on growth of P. oligandruni in the 
presence of other fungi: 
Medical flats of 150 ml capacity each contained 10 ml nutrient 
solution of the following composition (amounts per litre distilled 
water): D-glucose (10 g), NaNO3 (2 g), K112PO4 (1.23 g), K2}(PO4 
(0.17g), MgSO4.7H200(0.5 g), FeCI3.6H20 (1.0 mg), ZnSO4.7H20 (0.9 mg), 
MnSO4.7H20 (0.4 g). The flats were autoclaved and inoculated at the 
centre of one of the broad sides with a 5 mm diam. agar inoculum disc 
of a test fungus. They were then laid flat so that the medium partly 
submerged the inoculum disc, and they were incubated for 36 h at 25 0 
C. Then a similar inoculum disc of P. oligandrum IMI 78731 was 
placed just on top of the margin of the Initial colony and the flats 
were re-incubated for 12 days. Growth by P. oligandrum was assessed 
both by microscopy and by attempted re—isolation. Microscopical 
observation was done by sliding thecombined colony out of the medical 
flat into a Petri dish and examining this directly under a microscope 
for the presence of spiny oogonia of the Pythium. Attempted 
re—isolation of P. oligandrum was done by taking .small pieces of the 
combined growth and placing these on PDA plates precolonised by 
Phialophora sp. (section 2.3.4). These plates were examined after 7 
days for the presence of spiny oogonia of P. oligandrum. 
Table 4.21: Susceptibility of fungi to mycoparasitism by Pythium 
oligandrum in liquid culture medium containing glucose and 
nitrate—nitrogen 
Inoculum 	 Effect of P. oligandrum 	Growth by* 	Oogonium* 
on growth by partner P. oligandrum production 
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P. oligandrum 







var graminis DAR 4 
Phialophora sp. (lobed 
hyphopodia) IMI 187786 
None 	 0 	 0 
None 	 0 	 0 
None o 0 
Slight reduction 	 .4- 	 + 
Marked reduction 	 +++ 
3 replicates per treatment; 12 days at 25 0C 
o = no growth/oogonium production 
+ = poor growth/oogonium production 
= abundant growth/oogonium production 
As shown in Table 4.21, the extent and densities of colony... 
growth by Fusariumculmorum and by two isolates of Rhizoctonia solani 
were not visibly affected by inoculation with P. oligandrum. In these 
treatments there was no evidence of growth by the Pythium when 
assessed by any method. Growth by C. graminis var graminis was only 
slightly reduced in the presence of P. oligandrum and the latter had 
grown only to about 10 mm away from its inoculum. Very few oogonia 
had formed in this treatment. In contrast, growth by Phialophora sp. 
was markedly reduced in the presence of the Pythium; the Phialophora 
had grown only about 2 mm beyond the margin of the colony that was 
present at the time when P. oligandrum was added. P. oligandrum in 
this treatment grew rapidly over the colony of Phialophora and then 
colonised the liquid medium beyond the margin of the Phialophora 
colony, producing numerous oogonia. This experiment thus confirmed 
differences in susceptibility of fungi of P. oligandrum - differences 
previously established on both agar plates and cellulosic substrata 
(Deacon, 1976). It showed also that P. oligandrum can grow on 
nitrate-containing media in the presence of a suitable fungal partner. 
In this respect, also, the Pythium presumably obtained a source of 
sterols necessary for reproduction from its partner and a supply of 
thiamine which was not provided in the medium but which can be 
synthesised by the 'host' fungi used in the experiment. 
4.4.2 Quantitative study of growth by P. oligandruin and other 
fungi in dual—inoculated liquid mediun containing 
glUcO8e and nitrate-nitrogen 
The above experiment was repeated using Phialophora sp. (lobed 
hyphopodia) (IMI 187786), F. culmorum (CD 9), G. graminis var graminis 
(DAR 4) and B. piluliferum as potential host fungi; R.solani grew 
unsatisfaictorily when inoculated, and so this treatment was abandoned. 
The isolate of P. oligandrum (IMI 78731) was added 36 hours after 
these fungi had been inoculated. After a further 13 days, the total 
inycelial dry weights in the medical flats were determined. It was not 
practicable to try to separate the colonies of P. oligandrum from the 
dual-inoculated fungi to obtain separate estimates of growth by them. 
As shown in Table 4.22, growth by Phialophora plus 
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P. oligandrum was markedly less than that by Phialophora alone. The 
combined growth by P. oligandrum and either B. piluliferum or 
C.g. graminis was also significantly (P = 0.05) lower than in flats 
inoculated with B. piluliferum or C.g. graminis alone. But in the 
dual-inoculated flats containing F. culmorum, the mycelial dry weight 
was slightly higher (not significantly so) than in the case of 
F. culmorum alone. 
Table 4.22: Mycelial dry weights produced in liquid medium when four fungi 
were inoculated alone or in the presence of P. oligandrum I!41. 
78731* 
Inoculum 	 Alone + P. oligandrum Per cent reduction 
in the presence of 
P. oligandrum 
Phialophora ap. (lobed 
hyphopodia) IMI 187786 	28 ± 3.8 	4 ± 1.2 	 86 
Botryotrichum piluliferum 
Gaeumannomyces graminis 




60 ± 2.6 	.34 ± 3.4 
60 ±7,5 	40 ±13.3 




* Means for 3 replicates; after 13 days at 259C; inoculation of 
P. oligandrum was done 36 h after that of its partner. 
LSD 18 (P = 0.05) 
These results were consistent with visual observations recorded 
previously (Table 4.21) insofar as F. culmorum is apparently resistant 
to parasitism in these experimental conditions, G.g. graminis is only 
slightly susceptible and Phialophora is highly susceptible to the 
activities of P. oligandrum. 	Early and rapid inhibition of growth of 
the 'host' fungus would be expected to result in a low mycelial dry 
weight in the dual....inoculated cultures because the Pythiurn would also 
be inhibited by a lack of suitable nitrogen source. The result for 
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B. piluliferum was somewhat surprising in view of the marked 
susceptibility of this fungus to parasitism by P. oligandrum found in 
previous experiments (e.g. sections 4.1.2, 4.1.5). Visual observation 
of this treatment showed that B. piluliferum had formed numerous 
'daughter' colonies, presumably from detached spores; whereas the 
parent colony was markedly inhibited and overgrown by P. oligandrum, 
these daughter colonies were not colonised by P. oligandrum in the 
early stages of the experiment and thus were responsible for most of 
the recorded dry weight. 
4.4.3 Effecta of macerating myoeUa of Fusarium culmorum 
and Gaeumannomyces graminis var graminis on growth 
by P. oligandrum 
The failure of P. oligandrum to grow in the presence of 
F. culmorum, and its poor growth in the presence of G.g. graminis 
(Table 4.23) might have been due to the creation of growth—inhibitory 
conditions by these fungi or to the failure of these fungi to supply 
necessary nutrients for growth of the Pythium. These possibilities 
were now investigated. 
Medical flats as before were prepared with 10 ml liquid medium, 
but thiamine HCl (100 pg/i) and biotin (10 pg/I) were added because 
G.S. graminis had previously been found to grow erratically - it is 
known to require at least biotin (Deacon, 1974). Inocula of 
F. culmorUm and G.g. graminis were placed centrally in medical flats, 
G.g.graminis being inoculated 4 days before F. culmorum so that both 
fungi had attained similar colony sizes - three—quarters cover, of the 
base of the flat - at the same time (after 9 and 5 days' incubation, 
respectively). The medical flats were then treated in one of three 
ways: 
(I) 	The mycelial mats were left undisturbed and inoculated with 
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P. oligandrum as before. 
Five sterile glass beads (5 mm diam) were added and the 
contents of the flats were vigorously shaken for 2 min to 
disrupt the inycelium. Then the flats were frozen to —18 0C 
and allowed to thaw.. The contents of each flat were then 
transferred to sterile Petri dishes and an inoculum disc of 
P. oligandrum was placed at the centre. 
The flats were treated as in (2) above but after the contents 
were transferred to the Petri dishes a 5 day..old mycelial mat 
of Phialophora was placed on top, at the centre, and an 
inoculum disc of P. oligandrum was placed on the edge of this. 
The mycelial mats of Phialophora were obtained from flats 
prepared as in the main body of the experiment. 
In all cases, the treatments were incubated for 4 days after 
P. oligandrum had been added. Small pieces of mycelium were then 
taken with sterile forceps from different parts of the colonies and 
transferred to PDA plates precolonised by Phialophora to assess for 
the presence of P. oligandrum. The sampling positions for 
P. oligandrum were at least 15 mm away from its inoculum disc 
(treatment 1) or at least 30 mm away (treatments 2 and 3). In 
addition, some pieces of colony were taken for direct microscopical 
observation. 
As shown in Table 4.23, there was no evidence of the presence 
of spiny oogonia of P. oligandrum in the undisturbed inycelial mats of 
F. culmorum or C.g. graminis after 4 days. Transfer of parts of the 
colony to plates precolonised by Phialophora, however, revealed that 
P. oligandrum had grown as vegetative hyphae in most of the colonies 
(at least to 15 mm away from its inoculum). In the second treatment, 
involving maceration of colonies, the Pythium had produced numerous 
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well—developed oogonia both on the damaged 'host' colony and onits 
own inoculum disc. Treatment 3 had been included to test whether the 
Pythium could not grow on mycelial macerates of F. culmorum or 
G.g. graminis because of the presence of toxic metabolites. However, 
in the event, this treatment was unnecessary; it served merely to 
support and confirm the results of treatment 2. 
It is notable that after the colonies of F. culmorum and 
C. graminis var graminis had been macerated and placed in the Petri 
dishes, further growth of these fungi could be seen, so at least some 
of the hyphae or spores had remained alive despite the maceration and 
freezing treatments. 
Table 4.23: Growth of Po oligandrum (IMI 78731) on undisturbed and 
disrupted mycelial mats of Fusariumculmorum CD 9 (F.c.) 
and Gauemannomyces graminis var graminis DAR 4 (C.g.g.) 
No.of replicates (max 3) in which 
P. oligandrum developed 
Treatment 1* Treatment 2 Treatment 3 
(undisturbed) (disrupted) (disrupted + 
Phialophorá) 
F.c. C.g.g. F.c. G.g.g. F.c. C.g.g. 
Presence of Pythium on 
host mycelium 	 2 	3 	3 	2 	3 	3 
Oogonia of Pythium on 
host mycelium 	 0 	0 	3 	3 	3 	3 
Oogonia on Pythium 
inoculum disc 	 0 	0 	3 	3 	3 	3 
* see text for details 
4.4.4. Investigation of Phialophora ap. (lobed hyphopodia), Fusarium 
culmorum, Rhizoctonia solani and Pythium ultimum as sources 
of nutrients for growth by P. oligandrum in liquid culture medium 
In this experiment four fungi that are able to grow in liquid 
culture medium (section 2.1) containing nitrate—nitrogen and glucose 
were allowed to grow, and then the cultures were treated in various 
ways to determine whether they could support growth 
(IMI 78731). The fungi were Phialophora sp. (lobed 
(isolate IMI 187786), Fusarium culmorum (isolate CD 
solani (isolate R 3) and Pythium ultimum (isolate P 
inoculated separately in liquid culture medium comp 
3.2.1.1 and.allowed to grow for 9 days before being 
by P. oligandrurn 
hyphopodia) 
9), Rhizoctonia 
38.). They were 




The contents of the medical flats were left undisturbed. 
The contents of the flats were shaken for 2 min in the presence 
of glass beads, and then frozen at —18 0C and thawed. 
The contents were treated as in B, but to each flat were then 
added the following constituents to give the final 
concentrations shown in parentheses: L—asparagine (1.51. gIl), 
cholesterol (60 mg/l), thiamine hydrochloride (100 pg/l), 
mineral nutrients (as in section 2.1). These supplements would 
provide a complete source of nutrients for P. oligandrum except 
that no carbon source was present. 
The culture medium in each medical flat was carefully decanted 
in aseptic conditions and distributed, after bulking, in 10 ml 
amounts into fresh sterile medical flats. 
The procedure as in D was followed, and cholesterol was added, 
to a final concentration of 60 mg/l. 
The procedure as in D was followed, but the original culture 
medium, containing glucose, was added. Each medical flat 
contained 5 ml culture filtrate and 5 ml fresh culture medium. 
C. 	The procedure was as in D, but the following complete medium 
for growth by P. oligandrum was added: glucose (10 gIl), 
L—asparagine (1.51 gIl), cholesterol (60 mg/l), thiamine 
hydrochloride (100 pg/i) and mineral nutrients (section 2.1). 
The supplements were added in a concentrated form in a small 
volume of water, to give the final concentrations noted above. 
H. 
	
	Mycelial mats from the original culture flats were washed in 
three changes of sterile distilled water and comminuted in 
10 ml sterile distilled water by shaking the flats in the 
presence of glass beads. Each medical flat contained one 
mycelial mat from one of the original bottles. 
In the case of P. ultimum, cholesterol at final concentration 
60 mg/i was added to treatments A, B, F and H above, after P. ultimum 
had been allowed to colonise the original liquid medium. 
Agar inoculum discs, of P. oligandrum IMI 78731 were added tO' 
the medical flats in treatments A to H above and the flats were 
incubated for 8 days at 250C. Growth by P. oligandrum was then 
assessed visually, and the number of reproductive bodies of 
P. oligandrum (either echinuláte oogonia or spherical/subspherical 
sporangium-like bodies) was assessed microscopically. For this latter 
purpose the contents were decanted into test tubes, glass beads were 
added and the tubes were held together against a "whirimixer" to 
disrupt the mycelial mats. Drops of measured volume from the tube 
contents were then spotted onto microscope slides and the numbers of 
reproductive bodies were counted. The experiment was performed with 
threefold replication and the counts were made for usually 10 
microscope fields in each replicate. 
After the treatments A to H above had been performed, some 
extra replicate bottles from some of the treatments were inoculated 
with P. ultimum. This was allowed to grow for 8 days and its mycelial 
dry weight was recorded. Thus it was hoped to. determine if the bottle 
contents were inhibitory to growth of a non-rnycoparasitic Pythium sp. 
At the end of the initial incubation period the four 'host' 
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fungi had grown to different extents as reflected in their mycelial 
dry weights: Phialophora sp. 95 ± 25.6 mg; F. culmorum 66.7± 14. 45 
mg; R. solani 154.3 ± 3.5 mg; P. ultimum 22.3 ± 4.1 mg. 
The results of this experiment (Table 4.24) reflect a complex 
situation but the following points can be noted: 
(I) 	In treatment A (undisturbed bottle contents), P. oligandrum was 
seen to grow only in the presence of Phialophora ap. (lobed 
hyphopodia). This was confirmed by microscopical examination, 
though•somewhat surprisingly the Pythium had produced very few 
spiny oogonia. 
In treatment B (disrupted bottle contents), P. oligandrum was 
seen to grow in the presence of alLl the fungi, but least in the 
presence of R. solani. It should be noted that cholesterol had 
been added to the bottles containing disrupted mycelium of 
P. ultimum, to enable the rnycoparasite to produce its oogonia. 
Interestingly, when the disrupted bottle contents were 
supplemented with 'carbon—free' nutrients and cholesterol 
(treatment C), oogonium-production by P. oligandrum was much-
reduced in all cases except in the presenceof F. culinorum where 
it was increased. 
The culture filtrates of the Phialophora sp., F. culmorum and 
P. ultimum (treatment D) supported growth by P. oligandrum 
whereas the filtrate of the culture of R. solani did not do so. 
Only the filtrates of Phialophora sp. and F. culmorum supported 
oogonium production by P. oligandrum; the fact that the 
filtrate of P. ultimum did not support oogonium—production 
might be explained by the absence of sterols in this treatment. 
The addition of cholesterol to the culture filtrates (treatment 
E) enhanced oogonium—production by P. oligandrum in all cases, 
1,26. 
Table 4.24: The abilities of Phialophora sp., or Fusarium cuim 
of P. oligandruin, after various treatments 4 








onia solani and Pythii 
D 	 E 
(Culture 	(Culture 
filtrate) filtrate + 
sterol) 
im ultimumn grown in liquid medium, to support growth 
F 	 G 	 H 	 H, 
(Culture 	(Culture 	(Disrupted 	Converted 
filtrate + filtrate + mycelium) 	to per ag 
original 	BN) 	 host mnyceliu. 
medium) 
Phialophora sp. 	IMI 187786 
No reproduction bodies 	of P.oligandrum 0.2 30.86 1.46 9.26 37.21 3.26 61.72 100.15 113.76 
Nycelial growth by P. oligandru, 
+4.0L ++ 
4+ ++ ++(lo) + ++ ++ - 
t4ycelial dry weight 	(mg) 	of P. 	ultimu. - - - 9 - 25 - - - 
F. culmorum Isolate CD 9 
No reproductive bodies of P. oligandru. 0 47.55 83.36 2.08 29.97 0.79 100.08 96.98 144.48 
Mycelial growth by P. oligandrum 0 ++ ++ ++ ++(7) ++ +4 +4 - 
Nycelial dry weight 	(mg) 	of P. ultimum - - - 1 = 9 - - - 
R. 	solani Isolate R3 
No reproductive bodies of P. oligandru. 0 2.90 0 0 0 0 141.73 24.70 16.17 
Nycelial growth by P. oligandrum 0 + ++ 0 (+)(i) (+) ++ 4 - 
Nycelial 	dry weight 	(eg) 	of P. 	ultimnu. - - - 11 - 23  
P. ultimum Isolate P 38 
No reproductive bodies of P. oligandru. 0 14.73 0 0 560.07 20.83 95.50 27.89 . 126.75 
Nycelial growth by P.oitc1ni1 0 ++ + ++ •++(5) 4+ +++ S 	 4+ - 
Nycelial dry weight(mg')' of P. uI - - - 30 - 44 - - 
* measurements on growth by P. oligandrum or P. ultimum, and on reproductive structures of P. oligandrum, were made after 8 days' incubation at 25 ° C. 
,t D. glucose not added in the supplement. 	 S 
echinulate oogonia and spherical/subspherical sporangium—like bodies; numbers represent only oogonia in the treatments of P. ultimum as host. 
* 0 no rottL ) 	v.S+ 5ot 	--  
-4 
except inthe case of the Rhizoctonia filtrate which did not 
support any oogonium-production. However, the addition of 
original fresh culture medium (with glucose) to the filtrate 
(treatment F) in all cases reduced the numbers of oogonia 
compared with those in treatment E. This difference was 
possibly due to the absence of added sterols in treatment F, 
though such a simple interpretation is challenged by the 
results of growth on filtrates of P. ultimum (Table 4.24) 
because sterols were present in both treatments E and F in this 
case. The addition of a complete culture medium suitable for 
growth by P. oligandrum and containing sterols (treatment C) 
enabled P. oligandrum to grow in the culture filtrates of all 
fungi, including R. solani, and to produce numerous oogonia. 
The washed disrupted mycelia of all four fungi (treatment H) 
supported growth and oogonium-production by P. oligandrum (when 
sterols were added in the case of macerates of P. ultimum). 
Growth and oogonium-production were, however, least on the 
macerated mycellum of R. solani, and this is seen more clearly 
if the numbers of oogonia are expressed on the basis of 
mycelial dry weights of the host fungi as in the last column of 
Table 4.24. 
P. ultimum was found to make relatively little growth on the 
culture filtrates of the other fungi (treatment D); most 
growth was in fact made on its own culture filtrate, which is 
perhaps explained by the small amount of mycelial growth made 
by this fungus originally (i.e. it is suggested that more 
nutrients were left unconsumed by P. ultimum than by other 
fungi). When the culture filtrates were supplemented with 
original culture medium containing glucose (treatment F), then 
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P. ultimum made good growth in the filtrates of itself, 
Phialophora sp. and R.solani. The sparse growth made in the 
- 	presence of filtrates of F. culmorum may perhaps reflect the 
presence of inhibitory metabolites but there is no supporting 
evidence for this suggestion. 
The pH of the culture filtrates was not determined in this 
experiment, but in a similar one, in which Phialophora sp. 
(lobed hyphopodia), F. culmorum and R. solani were grown in the 
original culture medium, the final pH was 5.9, 6.4 and 6.8 
respectively. 
4.4.5 Inveatigation of toxin production by P. oligandruin 
Three separate experiments were done to test whether 
P. oligandrum produces toxic metabolites that affect the growth of 
other fungi and that might be implicated in the mode of parasitism. 
In all cases, P. oligandrum (IMI 78731) was inoculated into liquid 
culture medium of pH 5.5, containing mineral nutrients (section 2.1), 
glucose (20 gIl), peptone (2 gIl), yeast extract (1 g/l), thiamine 
hydrochloride (100 pg/i) and biotin (10 pg/i). After 10 days at 25 0C, 
when the fungus had colonised about 80% of the base of each medical 
flat, the cultures were filtered through a millipore membrane, 04 pm 
pore size, and the sterile filtrates were used to assess toxicity to 
other fun1. 
In the first such experiment, the filtrates, and uninoculated 
medium for comparison, were put into wells cut in PDA plates just 
beyond the margins of advancing colonies, of three test fungi - 
Phialophora sp. (lobed hyphopodia), Botryotrichum piluliferum and 
Trichothecium roseum. These three fungi are highly susceptible to 
mycoparasitism by P. oiigandrum. There was no indication of reduced 
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growth by these fungi as they approached the wells, but T. roseum 
showed increased hyphal branching near the wells containing either 
'staled' or fresh culture medium. 
In the second experiment the same fungi were inoculated into 
liquid medium of the above composition in medical flats. One 
treatment comprised fresh culture medium only, another treatment 
comprised fresh culture medium at double concentration, and the third 
treatment, to test for toxins, involved mixing culture filtrate of 
P. oligandrum with fresh culture medium; 8 ml of culture filtrate was 
mixed with 2 ml fresh medium at five—fold concentration. Mycelial dry 
weights of the test fungi after 15 days' incubation at 25 0C were 
not significantly different (P = 0.05) between any of the treatments 
(Table 4.25). 
Table 4.25: Growth of three fungi in the residual medium obtained after 
growth by P. oligandrum 
Mycelial dry_weights (mg)*in three media 
Inoculant fungus 	Uninoculated 	U.M. at double 	Residual filtrate 
medium (U.N.) concentration + U.N. 
Trichothecium roseum 	33 ± 1.6 	39 ± 3.1 	30 ± 2.7 
Phialophora sp. 
(lobed hyphopodia) 	41 ± 6.1 	42 ± 1,7 	37 ± 2.4 
Bo tryot ri chum 
piluliferum 	 52 ± 5,5 	45 ± 2.3 	42 ±3.1 
* means ±S.E. for 3 replicates; 15 days at 25 0C. 
In the third experiment a dense spore suspension of T. roseum, 
obtained from agar plates, was mixed with five times its volume of 
culture filtrate of P. oligandrum or with fresh culture medium and 
incubated for 24 hours at 25 0C. Drops of these suspensions were 
then added to the surface of water agar in Petri dishes and the 
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percentage of germinated spores was counted after a further 24 hours 
at 25 0C. There was no significant difference between treatments: 
83% germination occurred in the presence of fresh culture medium, 87% 
in the presence of culture medium staled by P. oligandrum, and 93% if 
the spores were suspended in water and subsequently placed on water 
agar. 
The three experiments, therefore, show no evidence for the 
production of toxic metabolites by P. oligandrum - not even of toxins 
that affect highly susceptible host fungi. 
4.5 	INTERACTIONS ON AGAR 
Deacon (1976) studied the interaction between P. oligandrum and 
several other fungi on plates of potato dextrose agar and he 
recognised on this basis the following four categories of host 
behaviour: 
Extreme susceptibility, in which case the Pythium grew readily 
and completely across colonies of the other fungi. 
Moderate susceptibility, in which growth by the Pythium into 
the other colony was slower than in (1) and was sometimes 
confined to the youngest regions of the 'host' colony. 
Resistance, in which P. oligandrurn grew poorly if at all into 
the other colony and it formed few or no oogonia. 
Antagonism, in which the other fungus produced ametabolite 
inhibitory to P. oligandrum, or itself invaded regions of the 
agar previously colonised by P. oligandrum. 
Deacon (1976) further noted that a resistant or moderately 
resistant fungus supported more growth by P. oligandrum as the 'host' 
colony aged, suggesting a breakdown in the mechanism of resistance in 
the host colony as a whole. 
During the course of the present study, P. oligandrum was 
paired with a range of fungi on PDA plates, these fungi being studied 
usually because of their specific relevance to other aspects of the 
work. The interactions on PDA plates are summarised below, as are the 
results of various experiments designed to investigate causes of the 
differences in behaviour of fungi in the presence of P. oligandruni. 
4.5.1 Interactwns between P. oligandrum and other fungi when, 
juxtaposed or opposed on potato-dextrose agar 
Petri dishes of 9 cm diameter and containing 15 ml PDA were 
inoculated either at opposite margins (opposed) or at one side 
(juxtaposed) with agar discs of P. oligandrum (IMI 78731) and another 
fungus (Fig. 2.3). The interactions were observed microscopically 
at intervals and are summarised below. 
Arthrobotrys musiformis (Isolate from School of Agriculture stock 
culture collection). 
Juxtaposed inocula - P. oligandrum grew much more rapidly than 
Arthrobotrys; growth by Arthrobotrys was suppressed; no oogonia of 
P. oligandrum were seen. 
Opposed inocula - Both fungi ceased extension growth when the 
colony margins were 2 mm apart; neither resumed growth into the 
uncolonised centre zone. 
Arthrobotrys sp. (Isolate from soil MF 11) 
Juxtaposed inocula - Arthrobotrys grew to a radius of 30 mm 
from its inoculum and sporulated abundantly. Part of its colony 
growth was over agar previously colonised by P. oligandrum. The 
Pythium grew around, but notover, the colony of Arthrobotrys. 
Opposed inocula - The colonies ceased growth as their margins 
132, 
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approached one another. After 36 hours, Arthrobotrys grew on and into 
the colony of P. oligandrum for up to 5 nun. A few oogonia of Pythium 
were seen at the junction of the colonies. Pieces of agar taken from 
the zone where Arthrobotrys had invaded the Pythium colony did not 
yield Pythium when transferred to Phialophora_precolonised plates 
(section 2.3.3). The hyphae of Pythium in this zone had lysed. 
Trichothecium roseum (Isolate from School of Agriculture stock 
culture collection) 
Juxtaposed inocula — T. roseum did not grow; P. oligandrum 
colonised its inoculum disc, producing numerous spiny oogonia on it. 
Opposed inocula — On contact of the colonies, P. oligandrum 
continued growth into Trichothecium, collapsing its aerial mycelium 
and lysing the substrate hyphae; numerous oogonia were formed in the 
Trichothecium colony and on its inoculum disc. 
Phialophora sp. (lobed hyphopodia) (Isolate IMI 187786) 
The results were identical to those for T. roseum above. 
Stachybotrys atra (Isolate SA 1). 
Juxtaposed inocula — P. oligandrum grew out initially from its 
inoculum only from the side furthest from the Stachybotrys inoculum. 
By 6 days the colony of P. oligandrum had been suppressed and spores 
of Stachybotrys were present on the Pythium colony including the;, 
inoculum disc. 
Opposed inocula — Growth by P. oligandrum was inhibited near 
the colony of S._atra, to a distance of 13 mm. 
Fusarium culmorum (Isolate CD 9) 
Juxtaposed inocula — F. culmorutn did not grow from its 
inoculum. P. oligandrum invaded the irLoculum UD and £U&LU 
spiny oogonia. 
Opposed inocula - F. culmoruin stopped growing when the colonies 
net. P. oligandrum continued to grow and formed numerous oogonia over 
the Fusarium colony. The zone of initial contact between colonies had 
deep red pigmentation. Oogonia of P. oligandrum formed only 1.5 - 1.7 
mm behind the zone where the colonies first met. Two days after the 
colonies met, oogonia of P. oligandrum were seen 6.5 mm into the 
Fusarium colony. This had increased to 9.3 mm by 3 days and 13.0 mm 
by 4 days. 
P. oligandrum thus apparently grew slowly into the Fusarium 
Co 1 ony. 
Gliocladiumroseum (Isolates MF2, MF 13 and MF 17, from survey sites) 
Juxtaposed thocula - C. roseum, a slow—growing fungus, grew 
from its inoculum and into regions previously colonised by 
P. oligandrum and it sporulated in these areas. P. oligandrum did not 
form oogonia but it grew normally. 
Opposed inocula - The colonies were mutually exclusive. 
Trichoderina viride (Isolates T 17, T 18, T 20 and T 21, from survey) 
Juxtaposed inocula - Trichoderma grew out from its inoculum and 
formed a small colony, but soon ceased growth. P. oligandrum grew 
into the 'rrichoderma colony and formed abundant oogonia. 
Opposed inocula - P. oligandrum invaded the Trichoderma colony 
but formed only few oogonia. T. viride did not usually invade far 
into the Pythium colony but did so in one case (isolate T 21) and 
sporulated sparsely, apparently causing little damage to the Pythium 
mycelium. 
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Papulaspora sp. (Isolate P 13) 
Juxtaposed inocula - Papulaspora grew into the Pythiuni colony. 
The Pythium hyphae progressively collapsed and lysed. 
Opposed inocula - Papulaspora grew slowly into the Pythium 
colony after contact. The Pythium collapsed and lysed. 
Verticillium fungicola (Isolate from Dr J.T. Fletcher, A.D.A.S.) 
Opposed inocula - Growth by P. oligandrum was halted at about 4 
nm from the advancing margin of the colony of the slow—growing 
V. fungicola. After a further 3 days it partly overcame this 
inhibition and grew up to the edge of the Verticillium colony but did 
not invade it. 
Phycomycesblakesleeanus (Isolate from School of Agriculture stock 
culture collection) 
Thin—layer agar was prepared by dipping microscope slides into 
molten PDA, and wikiufrawing them in a vertical position and 
supporting the slides while the agar set. The layer of agar formed on 
one of the Bides of the slide was scraped off and the other side was 
inoculated, as in other tests. 
Opposed inocula - Inoculum discs of P. blakesleeanus and 
P. oligandrum were placed 40 nn apart. By 36 hours after inoculation, 
the colonies of the two fungi had made contact and the Pythium had 
advanced 'into the Phycomyces colony to about 1 - 2 mm. In the area of 
mixed mycelia, hyphae of P. oligandrum frequently coiled around hyphae 
of P. blakesleeanus, but no apparent detrimental effect of the latter 
on P. oligandrum was seen. Side branches often developed from hyphae 
of P.oligandrum growing parallel to or obliquely to the hyphae of 
P. blakesleeanus and grew towards the hyphae of P. blakesleeanus, as 
shown in Figure 4.2. In the example shown in Figure 4.2, the main hyphae 
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Figure 4,2: Observations* by light microscopy of morphological changes 
in a hypha of Phycomyces blakesleeanus, induced by the 
presence of P. oligandrum 
Time, 0 
hypha 
Phycomyces hypha . 
After 180 sec 
After 225 sec 
After 300 sec 
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* See text for detajis 	 . . 1 20r' 
of Pythium and Phycomyces were spaced 70 im apart, and three hyphal 
branches of Pythium grew towards the Phycomyces hypha, two of them 
making contact with it in about 3 minutes. After about 45 seconds 
from the time of contact, morphological changes were seen to have 
occurred in the Phycomyces hypha, at the point where each of the 
Pythium hyphae had made contact. A dense, optically opaque, 
semicircular area rapidly formed there; after a further 75 seconds 
they were about 6 jim wide and extended 4 im into the Phycomyces hypha, 
The tips of both hyphae of P. oligandrum became obclavate, and they 
apparently did not penetrate the wall of the Phycomyces hypha. The 
internal structures formed by P. blakesleeanus in response to the 
presence of P. oligandrum seemed similar to the papillae observed by 
loch & Fuller (1977), in hyphae of P. blakesleeanus when paired with 
P. acanthicum (PRL 2142). They were, however, rare, and this 
complicated attempts to section them for electron microscopical 
examination. 
After many attempts, one papilla—like structure was located by 
light microscopy in hyphae fixed, stained and embedded in preparation 
for electron—microscopical examination (section 2.3.2.1). Unfortunately 
the main part of the papilla was included in relatively thick sections 
used for light microscopy and only a peripheral region of it was 
available for thin sectioning for electron microscopy (Figure 4.3). 
4.5.1.1 Interactione between P. oligandrum and Trichoderma 8p. 
Isolates of several Trichoderma species from the stock culture 
collection, Edinburgh School of Agriculture, were opposed to 
P. oligandrum (isolates IMI 78731 or 11) on PDA plates. Observations 
were made after 2, 4, 6 and 10 days but the 10 day results only are 
presented because they demonstrate all the important observed 
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Figure 4.3: Electron microscopical observations of morphological changes 
in the cell wall of a hypha of Phycomyces blakesleeanus in 










features. For comparison with P. oligandrum, aphytopathogenic 
species, P. sylvaticum (isolate 1111 211456), was also included in the 
tests. 
Table 4.26 summarises the observed interactions by recording 
which of the two species in each pairing continued growth into the 
opposing colony. P. sylvaticum continued growth into the colonies of 
both isolates of T. viride as the colonies met, and T. viride 
similarly continued growth into the colony of P. sylvaticum. However, 
P. sylvaticum did not grow into colonies of T. polysporum, T. hamatum 
or T. harzianum; rather, these trichodermas grew into the Pythium 
colony collapsing the aerial mycelium and lysing the substrate hyphae. 
Both isolates of P. oligandrum behaved similarly one to 
another; they advanced into colonies of T. viride causing marked 
destruction of the Trichoderma mycelium and forming abundant oogonia. 
In thesecases, T. viride did not advance into colonies of 
P. oligandrum. Isolate IMI 78731 of P. oligandrum formed a few 
oogonia within colonies of T. polysporum, right up to the inoculum 
disc of the latter, but T. polysporum also grew into the colony of 
P. oligandrum, causing lysis of some hyphae of the Pythium. Isolate 
11 of P. oligandrum behaved similarly in this pairing though it formed 
more oogonia than did isolate IMI 78731, especially in the zone where 
the colonies Initially met. Both isolates of P. oligandrum grew 
across colonies of T. hamatum and T. harzianum, forming oogonIa most 
commonly in the zone of initial contact of the colonies. These ,  
Trichoderma species also overgrew colonies of P. olIgandrum but caused 
little lysis of its hyphae. 
It seems, therefore, that P. oligandrum and several of 
the Trichoderma spp. can reciprocally invade agar colonised by the 
other, but that T. viride is more aggressively invaded by 
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P. oligandrum and does not itself invade the colonies of the Pythium. 
The less aggressive behaviour of T. viride compared with other 
Trichoderma spp. is further evidenced by the ability of P. sylvaticum - 
a non—mycoparasite - to grow at least partly into the colonies of 
T. viride. 
Table 4.26: The behaviour of isolates of Pythium spp. and Trichoderma spp. 
when opposed on PDA 
Outcome of opposed inoculation of 
Pythium and Trichoderrna* 
P. sylvaticurn (P.s.) P. oligandrum (P.o.) 
IMI 211456 	IMI 78731 	11 
T. viri4e 
isolate 1 (T.v.) 	 T.v./P.s. 
isolate T 13 	 T.v./P.s. 
T. polysporum 
T 12 (T.p.) 	 T.p. 
P.o. 	1'.o. 
P.o P.o. 
T. ./P.o.. T../P.o. 
T. hama turn 
isolate T 23 (T.hm.) 	 T.hm. 	 T../P.o. T. •/P.o. 
T. harzianum (T.hz.) 	 T.hz. 	 T,./P.o. T../P.o 
* The table shows which of the pair of fungi overgrew the other; for 
example T.v. = Trichoderma viride dominant, P.o. = Pythium oligandrum 
dominant, T.v./P.o. = both fungi grew into colonies of the other 
4.5.2 Inveatigation into the cauaee of the apparent resi8tcoice 
of R. solani to parasitism by P. oligandrum 
In several previous experiments (Tribe, 1966; Deacon, 1976; 
section 4.4.1 of this thesis) R. solani was found to be resistant to 
mycoparasitism by P. oligandrum, or at least not to release nutrients 
for growth by the niycoparasite. The present experiment was performed 
to investigate possible reasons for this, namely that: 
(1) 	P. oligandrurn might normally have insufficient 'inoculum 




the hyphae of R. solani may be resistant to antagonism by 
P. oligandrum, in which case the resistance might alter with 
age; and 
the Rhizoctonia may antagonise P. oligandrum. 
Plates of PDA were inoculated at the margin with inoculum discs 
of R. solani (R2) and the plates were variously treated as follows: 
After 5 days, when the Rhizoctonia had colonised about half of 
the agar surface, a 5 mm diameter inoculum of P. oligandrum was 
placed alongside the inoculum disc of R. solani. 
As in A but after 10 days' incubation, when the Rhizoctonia had 
fully colonised the agar plates. 
After 5 days an inoculum disc of P. oligandrum was placed at 
the young colony margin of Rhizoctonia. 
As in C but after 10 days when colonisation by Rhizoctonia was 
complete. 
After 7 days, when the PDA plates were three—quarters colonised 
by R. solani, the agar was removed, autoclaved and poured into 
fresh Petri dishes. P. oligandrum was inoculated at the 
margins of these. 
As in E but when the plates were fully colonised. The pH of 
the agar after autoclaving was 5.70, which compares reasonably 
well with the pH of 5.15 for fresh autoclaved PDA used in the 
neat treatment. 
C. 	Fresh PDA plates were inoculated with P. oligandrum at the 
margin, as controls. 
All agar plates were examined 3 days after P. oligandrum was 
added; the results are summarised in Table 4.27. 
When placed on the oldest part (5 days) of colonies of 
R. solarti (treatment A), P. oligaridrum formed a few oogonia on its own 
inoculum disc but not in the colony of R. solani. By 3 days it had 
grown out as sparse mycelium to a distance of 10 - 17 (mean 14.0 ± 
2.1) mm from its inoculum and it was seen to coil around a few hyphae 
of R.solani. Its behaviour was similar in treatment B (10 day 
colonies), the furthest extension being a mean 15.1 ± 1.2 mm • When 
placed on the youngest margin of the Rhizoctonia colony (treatment C) 
P. oligandrum temporarily halted growth by the Rhlzoctonia but then 
Rhizoctonia grew several millimetres into the Pythium colony. 
P. oligandrum also grew into the Rhizoctonia colony to a mean distance 
of 36.7 ± 3.0 mm in 3 days and formed some oogonia in the colony. 
However, when P. oligandrum was placed on the margin of fully 
colonised agar plates (treatment D) it grew only poorly, as in 
treatment A. 
Table 4.27: Growth by P. oligandrum IMI 78731 on PDA variously treated 
after colonisation by Rhizoctoniasolani 
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Treatment* 	Agar 	Age (days) of 




Growth by P. oligandrum 
Linear extension Oogonium Ilyphal 
rate (mm in 3 	production coiling• 
days),L 
A 	 0 5 14.0 ± 2.1 Poor 	+ 
B 0 10 15.1 ± 1.2 Poor + 
C 	 0 0 36.7 ± 3.0 Moderate 	+ 
D 0 0 14.0 ± 2.5 Poor 	+ 
E 	 + 7 46.7 ± 2.0 None 0 
F + 10 55.0 ± 1.2 None 	0 
C 	t 	 - - 54.9 ± 1.1 None 0 
* see text for details 
,I. assessed as extent of mycelium in treatments E, F and C, or extent of 
oogonia in treatments A, B, C and D 
P. oligandrum grew a mean distance of 46.7 ± 2.0 mm on 
autoclaved agar that had been three-quarters colonised by R. solani 
(treatment E) but it formed no Qogonia in these condtionc. It grew a 
mean 55 ± 1.2 mm in 3 days on the older autoclaved colonies (treatment 
F) and again formed no oogonia. This rate of growth was almost 
identical to that on fresh PDA (54.9 ± 1.1 mm) 
The results for treatments E and F above suggest that R.solani 
does not produce a heat—stable inhibitor of the growth of 
P. oligandrum, unless the inhibitory effect can be overcome in the 
presence of nutrients released by Rhizoctonia. The slowness of growth 
by P. oligandrum into young or older regions of the Rhizoctonia colony 
from limited nutrient reserves in a 5 mm diameter agar inoculum disc 
can to some extent be overcome if more nutrients are available, as in 
treatment C, when the Pythium was placed on fresh medium just ahead 
of the margin, of a Rhizoctonia colony. The simplest interpretation of 
all these results is that P. oligandrum is nutrient—limited when 
growing in the presence of R. solani and that this nutrient limitation 
slows its extension rate. However, P. oligandrum grows as fast across 
water agar as across PDA (Table 3.9) so this explanation alone is not 
satisfactory. . Possibly a combination of nutrient limitation and 
staling factors of the Rhizoctonia restrict vegetative growth by 
P. oligandrum. Anyhow, this experiment has shown that R. solani does 
not release nutrients In any significant quantities for use by.  
P. oligandruin. One other feature of the results is interesting: 
despite or perhaps because of the good growth in the autoclaved 
treatments, P. oligandrum did not produce oogonia in these treatments. 
This result is reminiscent of some results in Table 4.24. 
4.5.3 Growth by P. oligandrum on PDA piatee precolonaed by other 
Pythium app. 
This experiment, in two parts, was done in an attempt to extend 
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previous studies by Deacon (1976) on the growth of P. oligandrum 
across agar plates precolonised by other pythia, and also in an 
attempt to place various Pythium spp. in an order of susceptibility to 
mycoparasitism by P. oligandrum. In this respect results presented 
earlier (Tables 4.4, 4.15) are also relevant. Petri dishes 9 cm 
diameter and containing 15 ml Difco PDA were inoculated at the margin 
with different Pythium spp. and incubated for 7 days at 250C to 
enable complete colonisation by the inoculant fungi. Then a 5 mm 
diameter PDA inoculum disc of P. oligandrum (IMI 78731) was placed on 
the youngest margin of each plate, diametrically opposed to the 
original inoculum. Four parallel lines 5 mm apart were marked on the 
base of each dish, the centre two lines delimiting a strip of agar 
containing the two inoculum discs. At intervals, 2, 4 and 6 days from 
the second inoculation, a strip of agar was removed by cutting along 
the marked lines, the centre strip being removed last (6 days). The 
strips were cut into 5 mm pieces starting furthest from the inoculum 
of P. oligandrum, and the 5 mm square blocks so formed were arranged 
in sequence but spaced apart on the base of an empty Petri dish. A 
similarly sized block of agar precolonised by Phialophora sp. (lobed 
hyphopodia) was placed in contact with each block so that if 
P. oligandrum were present it would grow into the Phialophora block 
and produce spiny oogonia. After usually 7 days these agar pieces 
were examined for presence of characteristic spiny oogonia, and thus 
for the extent of growth by P. oligandrum across the original agar 
plate. This method was originally devised by Deacon (1976). 
Results (Table 4.28) show the extent of growth by P. oligandrum 
on colonies of different Pythium spp. after 2, 4 and 6 days, or in some 
cases, after 3 and 6 days. P. oligandrum grew well across agar 
precolonised by P. debaryanum (isolate CBS 265.38), and P. mamillátum 
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Table 4.28: Linear growth by P. oligandrum on PDA precolonised by several 
phytopathogenic Pythium spp. 
Experiment 1: 
Extent (mm) of growth by P. oligandrum* Maximum extent 
(mm) of growth 
on any replicate 
2 days 	4 days 	6 days 	plate 
P. debaryanum 
CBS 265.38 	 21.7 	 18.3 	55.0 	 55 
P. mamillatum 
PRL 2595 	 25.0 	 23.3 	56.7 	 60 
P. ultimum 
P 38 10.0 8.3 26.7 30 
CBS 656.68 8.3 1.7 0 10 
CBS 291.31 8.3 0 11.7 15 
P. graminicola 
CBS 327.62 15.0 0 0 20 
P. spinosum 
PRL 2146 8.3 0 0 10 
P. acanthicum 
CBS 432.68 0 0 0 0 
Experiment 2: - 
Extent (mm) of 
3 days 
growth by P. oligandrum* 
6 days 
Maximum extent 
(mm) of growth 
on any replicate 
plate 
P. debaryanum 
CBS 265.38 36.7 73.3 75 
P. mamillatum 
PRL 2595 30 36.7 40 
CBS 209.68 35 38.3 55 
P. ultimum 
P 38 13.3 13.3 30 
CBS 656.68 8.3 8.3 15 
CBS 398.51 8.3 15.0 20 
* means for 3 replicate plates; 25°C 
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(isolates PRL 2595 and CBS 209.68). It grew poorly and often ceased 
extension growth across agar precolonised by P. ultimum (isolates CBS 
291.31, CBS 656.68, CBS 398.51 and P 38). P. oligandrum grew very 
poorly initially, and subsequently died out, on agars precolonised by 
P. spinosum PRL 2146 and P. graminicola CBS 327.62. It did not seem to 
grow at all on agar precolonised by P. acanthicum CBS 43268, although 
in this case the initial colonist, being itself a mycoparasite, might have 
interfered with detection of P. oligandrum on the Phialophora blocks. 
The results thus show some differences in apparent 
susceptibility of Pythium app. to P. ollgandrum. Although few isolates of 
each species were used, P. graminicola and P. spinosum seem to be 
resistant, P. rnamillatum and P. debaryanum seem to be most susceptible 
and P.. ultimum seems to be intermediate in susceptibility, although 
tending in most cases towards a high degree of resistance. The fact 
that P. oligandrum sometimes appeared to die out after having initiated 
growth across PDA plates might be explained by its inability to produce 
a persistent oogonial stage on the sterol—free colonies of other pythia. 
4.6 	DISCUSSION 
One of the essential issues raised by work on P. oligandrurn, 
P. acanthicum, P. periplocum and Pythium sp. (SWO) is whether or not 
these organisms can satisfactorily be described as parasites. There 
have been' numerous attempted definitions of the term parasite as 
discussed in FBPP (1973). The definition ascribed to the British 
Mycological Society in that reference is as follows, "an organism or 
virus existing in intimate association with a living organism from 
which it derives an essential part of the material for its existence 
while conferring no benefit in return." The definitions ascribed to 
the American Phytopathological Society are as follows, "an organism or 
virus existing within or attached -to or in intimate association with 
another living organism, from the functioning tissues of which it 
derives part or all of the material for its nutrition". Also, "an 
organism or virus for which the tissues of another living organism 
serve as substratum and source of nutrition". 
As pointed out in FBPP (1973), the essential characteristic of.a 
parasite is that it is wholly or partly dependent for its nutrition on 
the functioning tissues of a living organism with which it lives in 
intimate association. The matter of benefit or detriment to the host 
would seem to be superfluous to the needs of the definition because, 
for example, these features are likely to be affected by environment 
and therefore are not necessarily fundamental features of the biology 
of the parasite. 
Strictly speaking, it could be argued that the above definitions 
have not been rigorously satisfied or experimentally verified even for 
many commonly accepted plant parasites. Exceptions, of course, are 
the biotrophs for which parasitism seems essential, if only. because 
they grow poorly if at all in the absence of hosts. The difficulties 
are much greater in the case of mycoparasites. Again the biotropha, 
with the possible exception of contact biotrophs, are likely to depend 
mainly if not exclusively on 'functioning tissues' of their hosts. 
But the necrotrophic mycoparasites have in many cases the ability to 
grow wel1 on a range of simple carbon sources and have few if any 
special nutritional requirements. They could, in addition to gaining 
nutrients from host fungi, also grow on the substrates utilised by 
their hosts. Indeed in many studies of necrotrophic mycoparasitism, 
little attempt has been made to ensure that the mycoparasites do not 
have direct access to such non—host—derived nutrients. In the present 
study this possibility was avoided by selecting growth media, or 
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substrata, on which the mycoparasites could not grow alone. For 
example, the mycoparasitic pythia cannot utilise cellulose, at least 
as sole carbon source, or nitrate-nitrogen, and they also need pre-
formed thiamine for growth and a supply of sterols for sexual 
reproduction. So at least it was possible to ensure that all or most 
of their nutrients were provided by the other fungi in the experiments 
reported in this thesis. 
The next major problem is to determine if the supply of these 
nutrients comes directly from the living functioning 'tissues' of a 
'host' or if, for example, it comes from the autolysis of the hyphae 
of the 'host' or from natural leakage from the 'host', or indeed from 
the extra-cellular enzymic activities of the 'host' on the substrate. 
The latter possibility was termed secondary sugar saprophytism by 
Garrett (1963), the suggestion being that a sugar fungus could grow on 
structural polymers like cellulose by using some of the enzyvnic 
breakdown products created by other (cellulolytic) fungi. Autolysis 
is known to occur in many fungi and in some cases,(e.g. Necas, 1956; 
Reyes & Lahoz, 1976; Isaac & Gokhale, 1982), protoplasts of a fungus can 
be obtained by incubating young hyphae in the old culture filtrates of 
the same species, shoving that autolytic, wall-degrading enzymes are 
produced and released into the environment as the cultures age. Such 
autolysis has been shown to be induced or enhanced by nutrient stress 
(Ko & Lockwood, 1970) so in theory a fungus like P. oligandrum which 
is able to grow in low nutrient levels (section 3.2.3) and to colonise 
agar plates that have previously supported growth by other fungi 
(section 4.5.1), could induce autolysis of its 'hosts' merely by 
creating conditions of nutrient stress. Given this possibility, 
perhaps the most satisfactory way of demonstrating mycoparasitism is 
to show that the proposed mycoparasite actually penetrates into hyphae 
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of its host and, moreover, does so while they are alive. This has 
been shown in the case of P. acanthicum PRL 2142 by loch & Fuller 
(1977) and was evidenced by the development of wall—ingrowths, termed 
papillae, in the hyphae of other fungi in response to penetration or 
attempted penetration by P. acanthicum. loch & Fuller (1977) found 
this response in the hyphae of Phycomyces blakesleeanus, 
Rhizopus stolonifer (Ehren ex.Dr.) Lind, Aphanomyces euteiches 
Drechsler, Rhizoctonia solani, Neurospora crassa Shear & Dodge, 
Chaetomiuin globosum Kinze ex. Fries, Fusariumsolani (Mart.) Sacc. 
f.sp. - pisi, Fusariurn oxysporum Schi. f.sp. conglutinans (Wollenw) 
Synder & Hansen, Penicillium vermiculatum and a Corticium ap. There 
was no papilla formation and no observed penetration of 
Pythium aphanidermatum by P. acanthicum. Only in the case of 
P. blakesleeanus, however, were the papillae very pronounced and in 
this case also the Pythium failed to penetrate. Indeed, only in this 
case were papillae easily seen by light microscopy. My own work on 
P. oligandrum (section 4.5.1) confirmed that structures resembling 
papillae were formed by hyphae of P. blakesleeanus soon after hyphal 
tips of P. oligandrum made contact with them. Unfortunately the 
occurrence of these structures was rare in all of several tests Bet up 
specifically for this purpose and intended for electron microscopical 
study. It was impracticable to section through hyphae at points where 
papillae tere known to be present though this was attempted several 
times without success. 	On a few occasions (Fig. 4.3) the wall of the 
hypha of P. blakesleeanus showed an obvious internal 'bump' adjacent 
to an external hypha of P. oligandrum, but inspection of the 
photomicrographs (Fig. 4.3) shows that in these cases the hyphal tip 
of the Pythium was not present and had been missed in sectioning, and 
thus perhaps more obvious papillae were missed. 
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Notwithstanding these points, the presence of obvious host 
reactions to invasion does not prove a nutritional relationship and 
thus does not approach the central issue of parasitism - the transfer 
of nutrients from host to parasite. Indeed P. blakesleeanus, in which 
the most obvious papillae were seen by Hoch & Fuller (1977), is highly 
resistant to parasitism by P. acanthicum and the papillae were never 
penetrated. 
In the present study, the fungi that were most markedly affected 
by P. oligandrum, P. acanthicum, P. periplocum and Pythium sp. (SWO) 
showed least morphological evidence of a parasitic association insofar 
as their hyphae lysed very rapidly in the presence of these pythia. 
This was true especially of, for example, B. piluliferum and 
Phialophora ap. (lobed hyphopodia). In contrast, the pythia often 
formed hyphal coils around the hyphae of fungi that were less markedly 
affected, for example F. culmoruzn, and occasionally around hyphae of 
the least affected 'hosts', e.g. R. solani. In the latter case the 
coiling was seen especially around young hyphae at the colony margin 
rather than around older hyphae. Interestingly, hyphal coiling was 
frequently seen in associations with other Pythium spp., which were 
intermediate, tending towards 'resistance' in their responses to 
P. oligandrum. On this basis, it seems that obvious morphological 
signs of mycoparasitism are associated with at least partial 
resistance of the host fungus, as originally noted by Deacon (1976). 
On balance, the term parasite seems appropriate for describing 
the behaviour of P. oligandrum, as of P. acanthicum PRL 2142, and 
other isolates of P. acanthicum and P. periplocum studied here. 
Certainly these fungi meet the requirements outlined in the 
definitions given at the start of this discussion and no other term 
seems more appr9priate. Further support of this view, though again 
150. 
not an absolute or necessary feature, is that the mycoparasitic pythia 
often caused marked reductions in the growth by other fungi. It is 
recognised, however, that different life styles like mycoparasitism 
and secondary sugar saprophytism are not mutually exclusive. 
The mechanisms of parasitism by necrotrophic mycoparasites have 
been little studied. The statement by Barnett & Binder (1973) that 
necrotrophic mycoparasites kill cells of their hosts by means of 
toxins has seldom been substantiated but is often quoted and seems to 
be generally accepted. G. roseum has been reported to produce toxins 
(Barnett & Lilly, 1962) and support for this view was claimed in the 
work of Pachenari & Dix (1980). However, the report by the last 
mentioned workers seems inconclusive for reasons mentioned in the 
Introduction. Dennis & Webster (1971a, b) suggested that volatile and 
water—diffusible antibiotics might be involved in the inhibition of 
fungi by several Trichoderma spp. and that hyphal coiling might be a 
means of achieving close contact between hyphae of Trichoderma and 
other fungi so that these compounds have more pronounced effects. In 
limited tests (section 4.4.5) there was no evidence that P. oligandrum 
produced toxic metabolites that could explain its marked effects on 
other fungi (section 4.4.5) and it is notable that in a detailed study 
of P. acanthicum (PRL 2142), Hoch & Fuller (1977) presented no 
evidence that suggested involvement of toxins; in fact, in that study 
P. acanthcum was found to have only a localised effect on the hyphae 
of other fungi, at the points of contact and sometimes confined to the 
hyphal compartment that was penetrated by the Pythium. 
Tribe (1966) found no microscopical evidence of parasitism of 
several fungi by P. ollgandrum when these were grown in association on 
cellulose film, and he further found little, if any, inhibition of the 
growth by other fungi in the presence of P. oligandrum. In some cases 
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there was an initial slight reduction, but the cellulolytic fungus 
(e.g. B. piluliferum) subsequently recovered and continued to degrade 
the cellulose film. This report is surprising because it contrasts 
with the report by Deacon (1976) and Deacon & Henry (1978) that 
susceptible fungi like B. yiluliferum are markedly inhibited by 
P. oligandrum and do not subsequently recover. In an experiment 
designed specifically to compare the methods of Tribe (1966) and 
Deacon (1976) (Table 4.1) P. oligandrum was found in all cases 
markedly to inhibit growth by B. piluliferum so the contrasting 
reports seemingly cannot be explained by differences of technique. In 
a large number of subsequent tests (e.g. Tables 4.1, 4.2, 4.3, 4.7, 
4.8, 4.9, 4.10, 4.16) this result was confirmed 	B. piluliferum and a 
similarly susceptible fungus, Phialophora sp. (lobed hyphopodia), were 
initially markedly inhibited in their growth on cellulose by 
P. oligandrurn, P. acanthicum and P. periplocum and they did not 
subsequently recover. An interesting sole exception to this was found 
in the case of P. acanthicum CBS 430.68. On filter-paper cellulose 
(Table 4.12) this isolate markedly and continually inhibited growth by 
susceptible fungi but on a wheat-straw substrate the initial degree of 
inhibition, though marked, was subsequently lost and the cellulolytic 
partner then seemed to degrade the substrate progressively. The reason 
for the aberrant behaviour of this isolate of P. acanthicum only on 
straw id unknown. A possible explanation which may also cover the 
results of Tribe (1966) is that a cellulolytic fungus, once well 
established in a part of the substrate away from a non-cellulolytic 
mycoparasite, can 'escape' further parasitism by continued production 
of new hyphal branches. Deacon (1976) demonstrated this or a similar 
phenomenon by showing that both B. piluliferum and Phialophora sp. 
(lobed hyphopodia) - two highly susceptible fungi - could continue 
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degrading filter paper if inoculated 2 weeks before the introduction 
of P. oligandrum whereas they were markedly inhibited and did not 
recover if they were inoculated only 3 days before the mycoparasite. 
This 'escape' effect is likely to be most pronounced in the case of a 
slow growing mycoparasite and a relatively fast growing cellulolytic 
partner. Pythium sp. (SWO) behaves so similarly to P. oligandrum, 
P. acanthicum and P. periplocum in all important respects that it can 
be regarded as a mycoparasite (Tables 4.6, 4.13). Nevertheless in 
most experiments it caused less reduction in growth by its 
cellulolytic partners, as evidenced by cellulolysis and by visual 
observation (Table 4.13), than did the other mycoparasites, and this is 
most probably explained by its much slower rate of growth (Table 
3.16). Even a 3—day compared with a 1—day delay in.introducing 
Pythium sp. (SWO) after a cellulolytic fungus was inoculated onto 
filter paper caused a noticeable reduction in the effects of the 
Pythium on the cellulolytic partner (Table 4.14). 
Mycoparasitism by P. oligandrum, P. acanthicum, P. periplocum 
and Pythium sp. (SWO) was demonstrated in a range of different 
conditions, namely on agar plates, on cellulose film, on filter paper, 
on wheat straw and in liquid culture media. In all cases where 
comparisons can be made, the individual host fungi responded similarly 
in different conditions; for example, B. piluliferum and Phialophora 
sp. (lobed hyphopodia) were highly susceptible in all tested 
conditions, F. culmorum was intermediate in susceptibility and 
R.solani was resistant (its growth was not substantially reduced in 
the presence of the pythia and the pythia grew very poorly in its 
presence). This evidence and the fact that the same degrees of 
resistance were shown by the 'hosts' in response to parasitism by 
P. oiigandrutn, P. acanthicum and P. periplocum suggests that there are 
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inherent differences in susceptibility amongst potential host fungi. 
The present study. has extended previous published work on the 
host range of P. oligandrum by showing that several Pythium spp. are 
moderately or only slightly susceptible to parasitism by 
P. oligandrum. Again, the results from different experiments 
involving different substrates were consistent. For example, on agax 
plates (Table 4.28) cellulose film (Tables 4.4, 4.5) and filter paper 
(Table 4.15) the isolates of P. graminicola were found in general to 
be markedly resistant to parasitism and even to invade,itself,regions 
of cellulose film in which P. oligandrum was established (section 
4.1.4). P. spinosum was similarly resistant, supporting little growth 
of P. oligandrum on precolonised agar plates (Table 4.28) and being 
able to continue to degrade cellulose film in the presence of 
P. oligandrum although its growth was inhibited initially in these 
conditions (Table 4.4). In contrast, isolates of P. mamillatum 
generally supported good growth by P. oligandrum on precolonised agar. 
plates (Table 4.28), were substantially inhibited (42°!.) by 
P.oligandrum on filter paper (Table 4.15) but showed some continued 
cellulolysis in the presence of P. oligandrum on cellulose film (Table 
.4). P. debaryanum, isolate CBS 265.38, was also able to support 
good growth by P. oligandrum on precolonised agar plates, and 
cellulolysis by it was inhibited by 48% on filter paper (Table 4.28, 
4.15). The results for filter paper gave the most satisfactory 
quantitative estimate of susceptibility of the pythia to 
mycoparasitism by P. oligandrum, though unfortunately this method was 
applicable only to isolates of the host fungi that could degrade 
cellulose. It showed that the reduction in activity of various Pythium 
spp. ranged from only 1% up to 54% in the presence of P. oligandrum. 
For comparison, other experiments sh9wed that the activities of very 
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highly susceptible hosts can be reduced by up to 98% (Table 4.12), It 
is notable that Hoch & Fuller (1977) reported Pythium spp. 
(P. aphanidermatum) to be resistant to parasitism by P. 	ihsrn, 
based on assessment of the growth by P. Be.GntWQiMacross agar plates 
precolonised by P. aphanidermatum. 
This work has also shown that Trichoderma spp. differ in 
apparent resistance to parasitism by P. oligandrum. Two isolates of 
T.viride were susceptible to parasitism, insofar as P. oligandrum 
could grow across agar plates precolonised by the trichodermas (Table 
4.26) and the growth by T. viride on cellulose film was reduced by co-
inoculation with P. oligandrum (Table 4.9). In contrast, one isolate 
each of T. polysporum, T. hamatum and T. harzianum, though overgrown 
to some extent by P. oligandrum on agar plates, were not destroyed by 
it and themselves invaded parts of the agar plates on which 
P. oligandrum was established (Table 4.26). It is questionable, 
however, if these last mentioned results reflect a susceptibility to 
parasitism per se because a non-mycoparasitic species of Pythium, 
P. sylvaticum (isolate IMI 211456), could also grow partly into the 
colonies of the two isolates of T. viride (Table 4.26) but not into 
those of T. polysporum, T. hamatum and T. harzianurn. Possibly these 
differences reflect amounts of residual nutrients in the precolonised 
agar. Haskins (1963) found that T. viride supported growth and 
oogonium-jroduction by P. acanthicum PRL 2142 on agar plates. Tribe 
(1966), however, found that T. viride was little-affected by 
P. oligandrum on cellulose film and P. oligandrum formed few oogonia 
in the presence of T.viride. These conflicting reports might be 
explained by differences between isolates of T. viride or between 
isolates and species of the mycoparasites used. Certainly T. viride 
was not as markedly affected by P. oligandrum as was Botryotrichum 
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piluliferumin my experiments.(Table 4.9) but it was apparently 
affected more than was Fusariuni culmorum, a host fungus that is best 
described as moderately susceptible (Deacon, 1976; Deacon & Henry, 
1978;. Tables 4.7, 4.8) 1 
The reasons for the apparent resistance of several fungi to 
parasitism by P. oligandrum were investigated in a range of 
experiments. In liquid culture media containing only nitrate as a 
nitrogen source, F. culmorum, C. graminis var graminis and R. solani 
supported little or no oogonium-production by P. oligandrum (Tables 
4.21, 4.23) and their own growth was not markedly inhibited by the 
Pythium (Table 4.22). Nevertheless, disruption of the host mycelia 
(Table 4.23) evidently released materials,.presumed to be sterols, 
which enabled oogonium-production by P. oligandrum. In these 
experiments (e.g. Table 4.24) disruption of the mycelium of both 
F. culmorum and R. solani enabled growth by P. oligandrum in liquid 
culture media, and thus provided nutrients required by the 
mycoparasite, whereas no such growth occurred on undisturbed colonies 
of F. culmorum or R. solani. Of interest, P. ultimum behaved in the 
same way as F. culmorum and R. solani as potential hosts of 
P. oligandrum: its undisturbed mycelia supported no growth by 
P. oligandrum in liquid culture but disrupted mycelium supported 
substantial growth and, on the addition of cholesterol, oogonium-
productioh by P. oligandrum (Table 4.24). From these results it can 
be concluded that all four of the host fungi are potentially able to 
supply nutrients to P. oligandrum, but do not ordinarily do so when 
their mycelia are undisturbed. Of special interest, the mycelium-.free 
culture filtrate of F. culmorum and P. ultimuni supported good growth 
by P. oligandrum and good oogonium-production by this fungus (on the 
addition of sterols to filtrates of P. ultimum) whereas the culture 
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filtrate of R. solani supported little or no growth by P. oligandrum 
(Table 4.24). The good growth by P. oligandrum in culture filtrates 
of F. culmorum but not in the bottles in which F. culmorum was growing 
(Columns D and A respectively in Table 4.24) suggests that the 
Fusarium in some way restricted growth by P. oligandrum when the 
Fusarium itself was growing, but that it did not produce a stable 
compound inhibitory to the growth of P. oligandrum. The resistance of 
R. solani similarly cannot be ascribed to production of a compound 
inhibitory to P. oligandrum because the mycoparasite could grow in 
culture filtrate of R. solani to which a complete nutrient medium 
(containing glucose and asparagine) was added (Column G of Table 
4.24). Moreover, P. oligandrum grew well in autoclaved agar that had 
previously.supported growth by R. solani (Table 4.27), suggesting that 
R. solani does not produce a heat—stable inhibitor. The simplest 
interpretation of all these results is that F. culmorum does not 
normally support growth by P. oligandrum in liquid culture media 
because its own active mycelium inhibits growth by P. oligandrumby 
nutrient competition or another non—toxin—mediated mechanism. 
R.solani does not support growth by P. oligandrum, seemingly because. 
the Rhizoctonia hyphae do not release nutrients available to the 
mycoparasite. In any case it is clear that the mycelial contents of 
the resistant fungi and in some cases their culture filtrates 
(F. culmoum or P. ultimum) can support growth by P. oligandrum. 
Few of the experiments in this part of the thesis were designed 
to compare directly the behaviour of mycoparasites and phytopathogenic 
pythia because this was previously done in detail by Deacon (1976) and 
Deacon & Henry (1978). Nevertheless, as expected, isolates of the 
phytopathogens like P. sylvaticum and P. ultimum did not markedly 
reduce cellulolytic activity of other fungi on cellulose film (Tables 
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4.6, 4.9) in conditions in which P. oligàndrum, P. acanthicum and 
P. periplocum markedly reduced cellulolytic activity by other fungi, 
Similarly, P. mamillatum, P. sylvaticum, P. ultimum, P. spinosum, 
P. scleroteichutn and P. vexans did not markedly reduce decomposition 
of filter paper by other fungi (Tables 4.10, 4.14) in conditions in 
which P. oligandrum, P. acanthicum and P. periplocum did so. The 
same conclusion was reached in an experiment on decomposition of wheat 
straw, In conditions in which P. oligandrum, P. acanthicum and 
P. periplocum caused marked reductions in the growth by Phialophora sp. 
(lobed hyphopodia). P. ultimum, P. mamillatum and a phytopathogenic 
isolate of P. acanthicum (IMI 136143) caused no such reduction in 
growth by Phialophora sp. (Table 4.18). Of interest, Tribe (1966) 
reported that both P. ultimum and P. debaryanum can grow on cellulose 
film in the presence of other fungi, and he suggested that they did so 
by utilisation of small molecules released by, or as a result of the 
activities of, these other fungi. The significance of Tribe's results 
can be questioned because some isolates of P. debaryanum, at least, 
are now known to be cellulolytic (Table 4.15). Indeed, Tribe (1966) 
noted that the phytopathogens made more extensive growth when 
inoculated alone onto cellulosefilm than did P. oligandrurn. 
Nevertheless, all three pythia were noted by Tribe to be stimulated by 
F. culmorum (though the phytopathogenic pythia developed slowly and, 
unlike P. oligandrum, they showed 'appreciable development' in the 
presence of R. solani). It is notable that in the present studies 
(e.g. Tables 4.10, 4.14) the phytopathogenic pythia did reduce by 12 
to 27% the weight loss of filter paper brought about by Phialophora 
sp. (lobed hyphopodia). These phytopathogenic pythia obviously differ 
from mycoparasites like P. oligandrum in their abilities to reduce 
growth by other fungi and they seem not to be aggressively parasitic 
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on other fungi. But their abilities to make at least some growth in 
the presence of other fungi and to reduce growth by these fungi (Table 




5. ECOLOGY AND DISTRIBUTION OF PYTHIUM OLIGANDRUM AND OTHER 
MYCOPARAS I TES 
5.1 DEVELOPMENT OF METHODS FOR ISOLATION FROM SOIL 
The experiments in this section were designed to test the 
suitability of various media for isolation and growth of mycoparasitic 
Pythium spp. This work was done with theview firstly to seeing if 
the occurrence of the mycoparasites might have been underestimated in 
the past by the use of inappropriate isolation media, and secondly to 
see if any method could be found that was better in this respect than 
the precolonised agar plates used by Deacon (1976) and Deacon & Henry 
(1978). Finally, the studies were done to see if various isolation 
media were equally selective for the various Pythium spp. and, in 
particular, for the different mycoparasitic species. This latter 
point was of interest because Deacon & Henry (1978) reported only on 
the isolation of P. oligandrum by the precolonised plate technique and 
my own studies, to be described fully later, showed that P. oligandrum 
was the most commonly isolated Pythium species on the precolonised 
plates, P. acanthicurn was isolated rarely, and P. periplocum not at 
all. 
5.1.1 Effects of different carbon sources and czntibiotics on growth 
by pythia on modified S&vnitthenner 'a Medium 
Reicher's agar (Reischer, 1951), as modified by Schmitthenner 
(1962), was selected as a suitable medium for general use. The basal 
medium was prepared with the following constituents, the carbon 
sources and various supplements being added as •required: agar 
(Difco), 20 g; KH2PO4, 30 mg; K2HPO4, 30 mg; MgSO4.7H20, 20 mg; 
CaCl2, 0.56mg; MnCl2.4H20, 4.6 mg; ZnC12, 1.67 mg; FeC12.4H20, 
0.16 mg; EDTA (disodium salt), 11.6 mg; L—asparagine, 0.12 mg; 
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thiamine hydrochloride, 0.04 mg; distilled water, 1 litre. This 
medium had a pH of 5.70 after autoclaving. 
The medium was used alone, supplemented with 0.003% sucrose as 
used by Schmitthenner (1962), or supplemented with 0.003% glucose. 
Aliquoçs of 15 ml of each autoclaved medium were poured into 9 cm. 
diameter Petri dishes and, when cooled, were inoculated with PDA discs 
cut from the margins of actively growing colonies of five Pythium 
spp., placed at the plate margin. Colony radii were measured after 48 
hours incubation at 25 0C and are presented as daily radial growth 
rates (nm/24 hours) in Table 5.1. Measurements purposefully included 
the lag phase of growth, as this was likely to be relevant in 
isolation from natural environments. 
Table 5.1: Radial growth rates (mm/24 hours) of five Pythium app. on 
Schmitthenner's (1962) basal medium with and without carbon 
sources (0.003%). 
Isolate 	 No sugar 	Sucrose 	Glucose 
P. acanthicum 
CBS 431.68 	 16* 	 16 	 15 
P. oligandrum 
11 	 17 	 17 	 18 
IMI 78731 	 27 27 27 
P. mamillatum 
CBS 209.68 	 21 	 22 	 22 
P. svlvaticum 
IMI 211456 	 28 	 25 	 26 
P. ultimum 
CBS 656.68 	 25 	 28 	 28 
LSD, 2.4 (P = 0.05), 3.2 (P = 0.01) 
* means for 3 replicates, including lag phase; measured after 48 hours 
at 25°C. 
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Few significant differences were found in growth rate for any one 
isolate on the different media. Growth of two of the mycoparasites, 
P. acanthicum CBS 431.68 and P. oligandrum .11, was slower than that by 
the three phytopathogens, but P. oligandrum 1141 78731 grew as rapidly 
as did the phytopathogens. It is notable that the medium used had a 
relatively low solute content; the results for P. oligandrum 1141 
78731 are thus consistent with results in Table 3.16, where this 
fungus was shown to grow fastest at low nutrient levels. 
It was expected that the presence or type of carbon source would 
not greatly influence linear growth rate. If success in isolationof 
pythia were dependent only or mainly on growth rate, then 
P. olgandrum should compete well, on this medium, with species 
isolated frequently from soils. 
In the next experiment, Schmitthenner's basal medium was 
supplemented singly with various chemicals as listed below, chosen for 
their selective antimicrobial activities. Callic acid was added to 
the medium before autoclaving, as recommended by Flowers & Hendrix 
(1969); all other supplements were added to the molten cooled agar 
after autoclaving. Agar plates were inoculated centrally with PDA 
inocuium-discs of different Pythium spp., and the extents of 
colonisation were measured after 48 hours incubation at 25 0 C 
(Table 5.2). 




Streptomycin sulphate 50 
Nystatin 25 
Rose bengal 0.5 
PCNB 25 
Callic acid 425 
Callic acid 42.5 
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Table 5.2: Effects of several selective chemicals on linear growth rates 
of Pythium spp. 
Radial growth by Pythium spp., 	Grouped means of 
expressed as mm/24 hours on unamended radial growth 
medium (top row) or as percentage of 
this in the presence of various 
amendments (other rows) 
PU 	PS 	PM 	P01 P02 P03 PA PU/PS/PM P0/PA 
No amendment 	28* 27 	23 22 23 31 16 26.0 22.8 
No amendment 	100 100 	100 100 100 100 100 100 100 
Benzylpenicillin 	110 100 104 100 96 94 100 105 99 
Nystatin ' 	104 93 	100 105 104 97 100 99 101 
Gallic acid 
'one—tenth' 
strength 	107 96 	104 95 83 87 100 103 98 
Streptomycin 86 59 87 95 91 87 106 77 95 
Rose bengal 	68 67 	70 82 70 .81 69 68 80 
Chioramphenicol 	82 44 83 59 61 61 44 69 59 
PCNB 	 21 67 	78 68 65 65 56 54 66 
Gallic acid 
'full strength' 	71 48 	48 27 55 55 6 56, 30 
Aureomycin 	50 19 22 36 35 35 53 31 57.1 
Isolates 
PU 	P. ultimum CBS 656.68 
PS P. sylvaticum IMI 211456 
PM 	P.niamillatum CBS 209.68 
P01 P. oligandrum IMI 78731 
P02 	P. ollgandrum 18a 
P03 P. oligandrum 11 
PA 	P. acanthicum CBS 431.68 
* radial growth rate (mm/24 hours) on unamended Schmitthenner's medium 
(calculated for first 48 hours at 25 0C); means for 3 replicates. 
,L growth rate expressed as a percentage of that on unamended medium. 
Table 5.2 shows interesting differences between the species, 
though most species were represented by only one isolate so the 
differences must be treated with caution. The isolate of 
P. sylvaticum was more markedly inhibited by streptomycin than was any 
other fungus, and the isolate of P. acanthicum was more markedly 
inhibited than others by "full—strength" gallic acid. Nevertheless, 
the body of data shows similar effects of the supplements on growth by 
thia as a whole. Penicillin, 
concentration) had little or 
slight effect; rose bengal, 
"full-strength" had 
at 4 ppm had a pronounced 
both phytopathogenic and mycoparasitic p: 
nystatin and gallic acid (at "one-tenth" 
no effect; streptomycin had a generally 
chioramphenicol, PCNB and gallic acid at 
substantial effects, and aureomycin even 
growth-inhibitory effect on the pythia. 
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The selective agents were next used in various combinations as 
shown below, all other experimental.conditions being as above. 
Selective agent Medium (code number) 
1 2 3 4 5 	.6 
Nystatin 0 + + + + 	+ 
Benzylpenicillin 0 + + + + + 
Streptornycin 0 0 + + + 	0 
PCNB 0 0 0 + + + 
Rose Bengal 0 0 0 0 + 	+ 
Callic acid 
"one-tenth strength" 0 0 0 0 0 	+ 
+ = inclusion of chemical in medium 
O = absence of chemical from medium 
As shown in Table 5.3, in general the mycoparasites behaved 
similarly to the phytopathogens in response to the addition of the 
selective agents. On sequential addition of the supplements to the 
media, a slight growth reduction was seen in the presence of 
9treptomycin and a more obvious reduction was noted on the addition of 
PCNB. Interestingly, in this experiment the addition of rose 
bengal to media already containing PCNB, streptomycin, 
benzylpenicillin and nystatin had no measurable effect on growth by 
the fungi, whereas it did so in the previous experiment when used 
alone. 
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Table 5.3: Growth rates of Pythium spps on agars containing mixtures of 
selective chemicals. 	 0 
Medium code No. 	Radial growth by Pythium spp., 	Grouped means of 
expressed as mm/24 hours on unamended 	radial growth 
medium (top row) or as percentage of 
this in the presence of various 
amendments_(other_rows)  
PU 	PS 	PM 	P0j, 	P02 	PA PU/PS/PM P0 /Po /PA 
1 	 22* 21 19 9 11 8 20.7 8.3 
1 	100,L 100 100 100 100 100 100 100 
2 95 105 111 89 100 88 103 97 
3 	 64 95 89 111 91 63 82 85 
4 36 48 68 44 9 38 50 27 
5 	41 52 68 33 27 38 53 42 
6 18 57 79 56 18 0 50 24 
* calculated after 48 hours at 25 0C; 3 replicates. 
./. growth rate expressed as a percentage of control (no amendment). 
Isolates 
PU P. ultimum CBS 656.68 
PS P. sylvaticum 1M1 211456 
PM P. mamillatum CBS 209.68 
P01 P. oligandrum IMI 78731 
P02 P. oligandrum 11 
PA P. acanthicum CBS 431.68 
LSD, 2.3 (P = 0.05) (for linear rate, mm/24 hours) 
5.1.2 Growth on gallic acid agar 
In a preliminary test using gallic acid medium (Flowers & 
Hendrix, 1969), an isolate of P. oligandrum was found to cause a 
change in the colour of the agar medium, unlike an isolate of a 
phytopathogenic Pythium sp. 	As this might provide a simple 
differential test, it was investigated further, using several 
isolates. 
Gallic acid medium was prepared as described in section 2.1 and 
agar plates of the medium were inoculated centrally with agar discs of 
several Pythium spp. (Table 5.4). They were incubated at 25 0C in 
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Table 5.4: Linear growth of Pythium app. on gallic acid medium. 
Colony dia. 	Colour 





days days hyphae medium 





IMI 78731 31 
13H1 40 
9 Black 40 
18a 43 
19KB 45 
16 Wally 46 
18 Dalk 48 
9a 59 
P. acanthicum 
CBS 377.33 17 
CBS 430.68 27 
CBS 429.68 27 
CBS 434.68 27 
CBS 431.68 31 
CBS 432.68 51 
P. intermedium 
36 pink unchanged CBS 380.34 25 white green. 
50 pink unchanged CBS 221.68 50 white green 
40 pink unchanged 11H1 C white green 
50 pink unchanged P. 	irregulare 
71 pink unchanged CBS 469.50 50 white green 
74 pink unchanged CBS 250.28 C white green 
60 pink unchanged P. mamillatum 
- pink unchanged PRL 2595 51 white green 
- pink unchanged CBS 209.68 C white green 
79 pink unchanged P. ultimum 
85 pink unchanged CBS 398.57 51 white green 
CBS 291.31 82 green- green- 
17 pink unchanged orange orange 
45 pink unchanged CBS 656.68 C white green 
46 pink unchanged P 38 C white green 
53 pink unchanged P. acanthicum 
45 pink unchanged IMI 136143 C . 	 white green 
85 pink unchanged P. anandrum 
P. periplocum CBS 285.31 C white green 
CBS 289.31 	16 20 	pink 	unchanged P. aphanidermatum 
CBS 170.68 17 26 pink 	unchanged CBS 216.46 C pink unchange  
CBS 532.74 	32 65 	pink 	unchanged CBS 313.33 C white green 
P. butleri . 
CBS 634.70 C white green 
P. debaryanum 
CBS 265.38 C white green 
P. graminicola 
CBS 327.62 C white green 
P. heterothallicum 
CBS 450.67 C white green 
CBS 451.67 C white green 
P. scleroteichum 
CBS 294.37 	. C white green 
P. spinosum 
PRL 2146 C white green 
P. splendens 
CBS 265.69 C white green 
CBS 269.69 C white green 
P. sylvaticum 
CBS 452.67 C. white green 
CBS 232.68 C white green 
CBS 633.67 C white. green 
IM1 211456 C white green 
P. vexans 
CBS 270.38 C white green 
C = complete colonisation of agar. 
a growth room with a low level of diffuse light. They were examined 
initially after 3 days and colony diameters were measured after 6 and 
10 days. 
After 3 days, all isolates of P. oligandrum, P. periplocum and 
P. acanthicum (except IMI 136143) had grown poorly, forming colonies 
that were highly indented at the margin, or with outgrowths of hyphal 
aggregates. The colonies had grown radially only to 2-15 mm (usually 
about 5 mm). The original agar was plum-purple coloured, and colonies 
of the mycoparasites were pink-coloured though they did not alter the 
colour of the underlying medium. Almost all isolates of the 
phytopathogenic pythia (Table 5.4), including P.acanthicum IMI 
136143, had extensively colonised the agar plates and most had 
completely covered the medium. The five isolates (in four species) 
that did not completely cover the agar by 3 days had done so after a 
further 7 days. All of the phytopathogens except for one isolate of 
P. ultimum (CBS 291.31) and one of P. aphanidermatum (CBS 216.46) had 
changed the medium to a green colour, but their mycelia were white, as 
usual. 	The exceptional isolate of P. ultimum had changed the medium 
to green-orange by 3 days and to brown-orange by 6 days, and the 
hyphae were also of this colour. The exceptional isolate of 
P. aphanidermatum (CBS 216.46) had pink-coloured hyphae and had not 
changed the colour of the medium. 
From this experiment it seems clear that gallic acid medium is 
useful f or differentiating mycoparasitic from phytopathogenic pythia 
with only very few exceptions. 
5.1.3 Development of ieolation methods 
Although the Schmitthenner medium containing various additives 
was not found differentially to affect the growth of mycoparasitic and 
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phytopathogenic pythia, nevertheless it might provide a general 
selective medium for Pythium sp. This was now tested, using a sandy 
loam of pH 6.8 obtained from a cultivated area of a garden and known 
to contain P..oligandrum. 
Crumbs of soil, each roughly 30 mg fresh weight, weredispersed 
separately in 1 ml cool molten agar which was then spread as uniformly 
as possible over the surface of an agar plate. Both the molten agar 
and the basal agar were of the same composition and the tests were 
conducted to compare the different agars shown in Table 5.3. The 
plates were incubated at 25 °C and the diversity of colony types was 
noted, as outlined below: 
MEDIUM 1 (no selective agents present). Numerous bacterial colonies 
of several types. Mucoraceous fungi, Fusarium spp. and Penicillium 
spp. were dominant. No pythia were present. 
MEDIUM 2 (with nystatin and penicillin). Fewer bacterial colonies 
than on Medium I. Penicillium spp., actinomycetes and pythia were 
mainly seen, the Pythium hyphae being ensheathed by bacteria. 
MEDIUM 3 (as Medium 2 plus streptomycin). Still fewer bacteria were 
present. The fungal flora was similar to that above. 
MEDIUM 4 (as Medium 3 plus PCNB), MEDIUM 5 (as Medium 4 plus rose 
bengal) and MEDIUM 6 (amended with nystatin, penicillin, PCNE, rose 
bengal and gallic acid, at "one—tenth" strength). Pythium spp. 
predominated, the hyphae sometimes having a thin sheath of bacteria. 
Identification of the species of Pythium was not possible by 
direct observation of the colonies because of the absence of 
reproductive structures. This might have been overcome by the 
addition of cholesterol or other sterols, though these would have 
reduced the selectivity of the media, because they would combine with 
nystatin (Gale et al, 1981) inactivating it. Therefore, in order, to 
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identify the pythia, representative colonies were subcultured onto 
oatmeal agar (OMA, section 2.1) and onto PDA plates precolonised by 
Phialophora, either before or after transfer to OMA. None of the 
colonies proved to belong to P. oligandrum or other suspected 
mycoparasites. The media, therefore, proved unhelpful in isolating 
mycoparasites from soil in which they were known to occur. Gallic acid 
agar would also have been unsuitable, though it was not tested, 
because it was inhibitory to growth of the mycoparasites but supported 
good growth of phytopathogenic pythia (Table 5.4). 
The lack of success in the use of other selective media for 
isolating mycoparasitic pythia made it necessary to use precolonised 
agar plates, which previously had been found to be highly selective for 
mycoparasites (Deacon, 1976; Deacon & Henry, 1978), All the results 
to be presented in section 5.2 were based on this method, but the 
following two experiments were necessary to develop the method for 
quantitative estimation of population levels in soil. 
5.1.4 Interactions beeen mycopara3ites on precoloniaed 
agar plates 
Although interactions between various mycoparasites had already 
been investigated on virgin agar plates (section 4.5.1), it was 
necessary to study the interactions of at least some species on PDA 
precolonised by Phialophora, as in several instances two or more fungi 
occurred on these plates from soil inocula. The most common 
combination was between P. oligandrum and either Trichoderma app. or 
Gliocladiumroseum, suggesting that these fungi do not markedly 
interfere with one another's occurrence on the plates. However, 
P. oligandrum seldom occurred in combination with Pythium sp. (SWO) so 
it was of interest to know if these species interact to exclude one 
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another. These fungi, therefore, were considered in detail. 
Plates of PDA were precolonised by Phialophora sp. (section 
2.3.3) and then inoculated in one of several ways as follows, using 
5 mm diameter inoculum discs from the margins of colonies on PDA. 
 P. oligandrum alone, on the youngest margin of the plate. 
 Pythium sp. 	(SWO) alone, on the youngest margin of the plate. 
 P. oligandrum and Pythium sp. 	(SWO) simultaneously inoculated, 
side by side on the youngest margin. 
P. oligandrum and Pythium sp. (swo) simultaneously inoculated, 
spaced 24 mm apart, on the youngest margin. 
P. oligandrum and Pythium sp. (SWO) simultaneously inoculated, at 
opposite sides of the plate and equidistant from the Phialophora 
inocu lum. 
P. oligandrum inoculated on the youngest margin, 4 days prior to 
inoculation with Pythium sp. (SWO) and beside the inoculum of 	- 
P. oligandrum. 
As in 6, but with Pythium sp. (SWO) inoculated first. 
As in 7, but with Pythium sp. (swo) inoculated only one day prior 
to inoculation with P. oligandrum. 
All the plates were incubated for 4 days at 25 0C and 
examined microscopically, the findings being as follows: 
Treatment 1: P. oligandrum colonised the whole plate rapidly and 
formed abundant oogonia. 
Treatment 2: Pythium sp. (Swo) colonised the whole plate and formed 
abundant oogonia, up to 50 mm from its inoculum disc by 4 days. The 
linear growth rate across the agar, as evidenced by oogonium 
production was notably faster than that measured on virgin PDA 
(section 3.3.5). 
Treatment 3: 	Oogoniaof Pythium. sp. (SWO) were seen up to 4 mm from 
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its inoculum disc but only on the side furthest from P. oligandrum. 
Oogonia of P. oligandrum were abundant over the rest of the plate but 
were absent from the region where Pythium sp. (SWO) formed oogonia. 
Treatment 4: 	Separate colonies of Pythium sp. (SWO) and P. oligandrum 
developed, the mutual boundary being 4 mm from the inoculum of Pythium 
sp. (swo) and 20 nun from that of P. oligandrum. 
Treatment 5: 	Separate colonies developed with very little 
intermingling of the oogonia of the two Pythium spp. The mutual 
colony boundary on a line joining the inoculum discs was 18 nun from 
that of Pythium ap. (SWO) and 54 mm from that of P. oligandrum. 
Treatment 6: 	Pythium sp. (SWO) did not grow out from its inoculum 
disc. 
Treatment 7: P. oligandrum did not grow out from its inoculum disc. 
Treatment 8: P. oligandrum developed only in a small zone about 2 nun 
radius around its inoculum disc. Pythium sp. (SWO) had developed well 
over the rest of the plate. 
These observations, which were based on fully replicated plates, 
indicate that the Pythium spp. are likely to be mutually exclusive; if 
one develops first from an inoculum then the other may not be 
detected. 
Less exhaustive tests with other species—combinations showed 
that P. acanthicum CBS 432.68 and P. oligandrum IMI 78731 intermingle 
only slightly after their colonies meet on precolonised plates; a 
mixture of the oogonial types, distinguishable by length of spines, 
occurs in a small zone where the colonies meet. On agar plates 
precolonised by Phialophora, colonies of Trichoderma viride isolate TI 
were overgrown by P. oligandrum, whereas colonies of Gliocladium roseum 
were not. These latter interactions must be taken into account when 
attempting to detect mycoparasites in soil, but they are unlikely to 
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affect detection of Pythium spp. on Phialophora plates because the 
Pythium spp. appear as oogonia before sporulation by Trichoderma and 
G. roseum occurs on the piates. Moreover, it is clear from 
observation that Gliociadium and Trichoderma can overgrow precolonised 
plates on which P. oligandrum or Pythium sp. (SWO) are established, as 
will be explained in section 5.3.3. 
5.1.5 Growth by P. oligan4rum acrosa precoioniaed aga.r platea 
from oca pore inocula 
A range of tests was performed to see if P. oligandrum could 
grow on Phialophora plates from oospore inocula. Few oospores were 
produced in liquid media, despite supplements of cholesterol, so 
alternative methods of obtaining oospores were sought. Two methods 
were finally used, for different purposes. To obtain large number of 
oospores free from vegetative hyphae, P. oligandrum was grown on 
sterilised cellulose film overlying plates of OMA supplemented with 
glucose (20 g/l) and cholesterol (30 mg/i). After 16 days, the 
cellulose film, which was still undegraded, was removed from the. 
plates and was degraded by incubation for 24 hours at 33 0C in a 
commercial cellulase preparation (poid. '. 	ilulase from Aspergillus 
niger, Sigma Ltd). 
This procedure brought large numbers of oospores into suspension 
and they were further treated with celiulase, with gentle agitation, 
for 3 days at 310C. The oospores were seen microscopically to be free 
from vegetative hyphae. The oospores were put onto the youngest 
margin of Phialophora plates and consistently gave rise to growth and 
oogonium-production across the plates. The oospore suspension was 
subsequently used to assess the efficiency of detection of 
P. oligandrum by plating methods (section 5.1.6.2). 
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The second method of oospore production was used to determine 
the effects of air_drying of oospore-producing colonies of 
P. oligandrum (IMI 78731), P. acanthicum (CBS 429.68) and 
P. periplocum (CBS 532.74) on colonisation of Phialophora plates. The 
mycoparasites were grown on: 
potato dextrose agar, on which they did not form oogonia; 
oatmeal agar, on which they formed abundant oogonia; and 
PDA containing 27. Whatman powdered cellulose on which they did 
not form oogonia but the physical composition of which resembled 
that of OMA. 
Agar discs, usually 5 mm diameter, were cut from colonised regions of 
these agar plates and added to Phialophora plates either directly or 
after air-drying on a laminar flow air bench for 24 hours at room 
temperature. The results showed that all three mycoparasitic pythia 
survived air-drying on OMA discs but not on PDA or on PDA + powdered 
cellulose discs. All, however, grew readily onto virgin PDA plates or 
Phialophora plates from all types of inoculum disc that had not been 
air-dried. The results indicate that air-drying destroys vegetative 
hyphae within the agar discs but it does not destroy oospores from 
which the fungus is assumed to have initiated regrowth. In a further 
test, discs were cut at different distances behind the margin of a 
colony of P. acanthicum (CBS 429.68) on OMA and examined 
microscopically for presence of hyphae and oogonia. Discs from all 
positions gave rise to oogonia when placed immediately onto 
Phialophora plates but only discs from the centre of the original 
colony and which contained oogonia were able to initiate growth on the 
Phtalophora plates after air-drying for 24 hours. 
From all these results, it seems clear that mycoparasites can 
grow on Phialophora plates from oospores or other resting stages, and 
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that air-drying is unlikely to interfere with the ability to detect 
these fungi in soils if they occur as resting stages. 
5.1.6 Development of a Most Probable Number (MPN) method 
for asseBsing population levels of mycopar'aeticpythia 
in soils 
The Most Probable Number (MPN) method enables estimation of 
population density without an actual count of single cells or 
colonies. It is somet1,s called the method of ultimate or extinction 
dilution or, less descriptively, simply the 'dilution method'. The 
procedure has been used extensively for estimating bacterial 
populations in water and sewage and has also been adapted for the 
enumeration of soil algae. 
The basic requisites of the method are that the microorganism is 
readily recognisable and that a suitably selective method is used for 
its isolation or detection. Tsao (1960) developed a technique for 
studying the distributions of Phytophthora citrophora and 
P. parasitica in soils. By serially diluting soil he could determine 
the 'end point' of the dilution series according to infection and rot 
of lemon (Citrus limonia) fruit used as a 'bait'. 
The MPN method was adapted by Maloy & Alexander (1958) for the 
estimation of populations of two plant pathogenic fungi, 
Fusariumsolani f. phaseoli and Thielaviopsis basicola, in soil. The 
host p1ans used were red kidney beans (Phaseolus vulgaris) and carrot 
(Daucus carota var sativa) respectively. Hornby (1969) used the MPN 
method to estimate the population level of the take-all fungus. More 
recently, Duncan (1976) used wild strawberry plants (Fragaria vesca L) 
as baits in an MPN method for estimating the population levels of 
Phytophthora fragariae Hickman in soils. 
So far, no easy and rapid method has been developed for 
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enumeration of P. oligandrum or other mycoparasitic Pythium app, in 
soil. The use of plants as detectors, successful for the estimation 
of P. citrophora (Tsao, 1960) and for P. mamillatum (Barton, 1960) 
would be inappropriate for P. oligandrum, especially in the presence 
of more aggressively phytopathogenic pythia. 
The work in this section describes the development of a suitable 
method for P. oligandrum, making use of PDA plates precolonised by 
host fungi as a basis for the MPN technique. The method is described 
in section 2.3.4. 
5.1.6.1 Conrparièon of different hoet fungi for Beleotz.ve isolation of 
n7ycoparaa'vtes 
Four fungi, Phialophora sp. (IMI 187786), Caeumannomycesgraminis 
var tritici (9799), G. graminis var graminis (DAR 4) and Fusarium 
culmorum (CD 9) were inoculated onto separate PDA plates, the timing 
of inoculation of each fungus being varied, according to the growth 
rate. The fully colonised plates were used as the "detector plates" 
in an MPN method (section 2.3.4). A garden loam designated MF 12 and 
of pH 6.1 and saturation capacity 66 g water/lOO g air dry equivalent 
of soil was collected from the field, air dried, crushed if necessary 
and then mixed with sterile air—dry sand in an four—fold dilution 
series (w/w) down to 1 part in 256 parts sand. Aliquots (500 mg) of 
these dil'utions were placed on the precolonised agar plates, a 
comparison being made between placement of the soil on the youngest 
and oldest parts, respectively, of the colonies. All plates were 
examined for oogonia of P. oligandrum after 4, 7 and 11 days' 




Table 5.5: Comparison of agar plates colonised by different fungi for 
detection of P. oligandrum in soil by the Most Probable Number 
method. 
Fungi used to precolonise agar plates 
Dilution rate Phialophora sp. Gaeumannomyces Gaeumannomyces Fusarium 
of_air—dry soil graminis var graminis var culmorum 
tritici graminis  
Young* Old Young 	Old Young 	Old Young 	Old 
0 (no dilution) 4,L 4 4 	4 4 	1 4 	4 
4 1 2 1 1 3 - 4 4 
16 0 0 0 	1 2 	- 0 	1 
Es tuna ted 
infective units 
per g air dry 
soil , 	 5.8 	9.3 
	
5.8 	9.3 	35.9 	- 	22,7 	35.9 
* placement of soil inoculum on youngest or oldest part of host colony 
,. number of replicate agar plates (max. 4) on which P. oligandrum developed 
4 estimated according to MPN equation (section 2.3.4) 
The number of propagules estimated by the methods varied 
according to the host fungus used but not necessarily according 'to the 
host susceptibilities previously determined in this thesis (Table 
3.18) and by Deacon (1976). Thus, according to Deacon (1976) and 
consistent with my experimental results, Phialophora sp. is highly 
susceptible, F. culmorum and G. graminis var tritici are moderately 
susceptible and C. graminis var graminis is resistant to the 
tnycoparasite. In the present experiment the highest number of 
propagules was detected by the use of C. graminis var grminis, 
whereas the use of Phialophora or C. graminis var tritici indicated 
much lower population densities. In cases where it was possible to 
make a comparison, placement of the soil on the oldest part of the 
fungal colony gave a higher population estimate of P. oligandrum than 
jkm. sftcA 
did placement on the youngest partA(Table  5.5). It is notable that 
resistance to mycoparasitism tends to increase with colony age 
(Deacon, 1976). The finding that inoculation of soil onto the older 
colony parts gave a higher estimate than on the youngest parts is 
therefore consistent with the fact that 'resistant' fungi gave higher 
population estimates for P. oligandrum than did 'susceptible' fungi. 
5.1.6.2 Aeee8srnent of the efficiency of detection of P. oligandrum 
by the MPN method 
In order to assess the efficiency of detection of P. oligandrum 
using the MPN method, oospores of the fungus were produced by the 
cellulose film method described in section 5.1.5. They were suspended 
in distilled water at 4 0C for 4 weeks, and then were transferred 
to fresh distilled water, being diluted to concentrations of 200 or 
2000 spores/ml. An aliquot of 0.5 ml of each suspension was then 
diluted in a two—fold series down to calculated final concentrations 
of 0.049 and 0.49 oospores/ml respectively. Then 0.5 ml aliquots of 
the dilutions were pipetted onto the margins of Phialophora plates as 
used for isolations from soil (section 2.3. 3) and the presence of 
spiny oogonia across these plates was assessed 7 days later. As shown 
in Table 5.6, the estimated numbers of oospores per ml original 
suspension, as determined by success of colonisation of the 
Phialophora plates, were somewhat lower (48-607.) than the calculated 
numbers in the suspensions. Nevertheless there was reasonable 
agreementbetween the observed and expected results for the comparison 
between the two dilutions. 
The relatively low estimated population levels of P. oligandrum 
in the suspensions as determined by plating can be explained by 
results of a germinability test. Single drops of the oospore 
suspensions used in the plating test were placed onto MEA and WA 
(section 2.1) and examined at intervals up to 5 days, at 25 0C. On WA 
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the oospores showed 0% germination after 24 hours and only 217, 
germination after 5 days. On MEA 6.7% germination occurred by 24 
hours and 68% (the highest recorded) after 5 days. These counts were 
based on at least 200 oospores in each case. 
Table 5.6: Estimated (MPN) concentration of oospores of P. oligandrum 
in a suspension in distilled water 
Counted number of oôspores in 	Estimated number of oospores in 
0.5 ml suspension 	 0.5 ml suspension 
	
100 	 60 ± 7* 
1000 484 ± 59* 
* confidence limits, P = 0.05 
5.2 COLONISATION OF SUBSTRATA BY PYTHIUN OLICANDRUM IN SOIL 
5.2.1 Preliminary experiment on burial of celluloee fiZm 
Tribe (1961, 1966) found P. oligandrum on pieces of cellulose 
film in soil and observed that the growth of P. oligandrum on this 
substratum occurred close to hyaline sterile mycelia which were 
probably of the fungus isolated from that region and subsequently 
identified as Botryotrichum piluliferum. An attempt was made to 
repeat this work, using a sandy loam soil (MF 12) of pH 6.1 and 
saturation capacity 66 g water/lOO g air—dry soil. The soil was known 
to contain a resident population of P. oligandrum. It had been air-
dried and stored for 2 months prior to use; the soil treated in this 
way yielded colonies of P. oligandrum when placed on Phialophora 
plates. 
The tests were as follows: 
1. 	Non—autoclaved pieces of cellulose film (Rayophane PU 	525) were 
laid flat in soil then covered with soil in pots on a laboratory 
bench at 180C. The soil was brought to either 607. or 95% 
saturation with distilled water. Pieces of film were removed at 
intervals, after 2, 4, 6 or 8 days' burial. The larger soil 
particles were removed from the film with forceps and the pieces 
of film were gently washed and stained with cotton blue and were 
examined microscopically for the presence of spiny oogonia. In 
these tests, P. oligandrum was not detected microscopically but 
the pieces of. film showed a sequential colonisation by 
microorganisms similar to that described by Tribe (1961). Thus, 
no fungi were seen on the film at 2 days but a few microcolonies 
of bacteria had developed by this stage. By 4 days in the soil 
at 60% saturation, the film was partly colonised by bacteria; a 
few chytrid colonies were present and septate hyphae were also 
seen in microcolonies. By 4 days in soil at 95% saturation many 
more bacteria and chytrids were seen but fewer fungal hyphae had 
developed. After 6 days at both moisture levels, the film was 
extensively colonised by fungi, some forming rooting branches, 
others growing more superficially. By 8 days the pieces had 
begun to disintegrate; . they were extensively colonised by 
fungi and bacteria. 
The method was as before except that pieces of film were 
inserted vertically in slits made by pushing cover—glasses into 
the soil. The soil was held at 40°!., 707. and 100% saturation. 
The observations, made at 4 and 14 days, were much as before. 
P. oligandrum was not detected microscopically. 
Strips of cellulose film 80 x 20 mm were laid flat in Petri, 
dishes half filled with air—dried soil (MP 12, as before) and 
soil was then added on top of the strips but leaving one end 
exposed. The soil was watered to 70% saturation and a PDA 
inoculum disc of P. oligandrum was added to one exposed end of 
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some strips. As a variation of this treatment, in some cases 
the whole strip was buried and one end of it was carefully 
exposed for inoculation of P. oligandrum after 6 days. The 
dishes were maintained at 25 0C and 9 days after burial the strips 
of film were carefully excavated, cleared of major soil 
particles, stained and examined microscopically for presence of 
oogonia of P. oligandrum. Other pieces of film were placed on 
Phialophora plates to detect the mycoparasite, if present. 
P. oligandrum was neither seen nor detected on the Phialophora 
plates on any of the strips buried for 6 days before inoculation. In 
several cases, Stachybotrys chartarum was present on the buried film; 
this species is highly antagonistic to P. oligandrum (Tribe, 1966; 
Deacon, 1976; this thesis, section 4.5.1). P. oligandrum was found 
on the buried prtiø 	of only one of the strips inoculated initially 
with this fungus; its spiny oogonia had formed sparsely on a small 
area of the film nearest to the inoculum disc and plating onto 
Phialophora plates confirmed the presence of P. oligandrum in this 
case only, though several strips were examined.. 
5.2.2 AinencZnent of soil with glU008s or powdered cellulose 
The failure of the above experiments to detect growth of 
P. oligandrum on recently buried cellulosic substrata prompted a 
differentf approach to the study of its behaviour in soil. Glass 
crystallising dishes, 80 fl!fl diameter, were partly filled with 100 g 
freshly collected soil(MF 12, pH 6.1, saturation capacity 66 g 
water/100 g air—dry equivalent). Three replicate dishes were left 
untreated. To another three replicates, a dextrose solution was added 
to provide a final concentration of 27. (w/w) dextrose, and to a third 
series was added Whatman powdered cellulose, again at 27. (v/w) and 
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mixed thoroughly into the soil. Water was added to all dishes to 
bring the soil to 60% saturation (when freshly collected it was 
roughly 307. saturated). 
Small samples of soil were taken immediately from ten different 
positions in each dish by means of a 5 mm diameter cork borer and the 
samples from within each dish were bulked to about 4.5 g per dish. 
Bulked samples were air—dried at room temprature, mixed thoroughly and 
used in an MPN assay on Phialophora plates to determine the population 
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level of P. oligandrum. For this purpose, two—fold dilutions were 
made down to one part soil in 16,384. Aliquots (500 mg) of the 
dilutions were plated onto each of the four replicate Phialophora 
plates. After the initial sampling, the dishes containing soil were 
incubated at 25 0C, covered to prevent water loss, and the sampling 
procedure was repeated after 4 days and again after 18 days. 
The results (Table 5.7) show that there was a significant 
increase in population level of P. oligandrum between days 0 and 4 
even in the absence of carbon supplements to soil. There was no 
further increase in this treatment up to day 18. It is notable that 
the soil was relatively dry (28% saturation) when collected from the 
field in the summer months, so this treatment involved an increase in 
the soil water—content and, of course, some increase in the incubation 
temperature compared with that in the field. In the presence of 
powdered tellulose there was again an increase in the estimated 
population level of P. oligandrum between days 0 and 4 but the 
increase was almost identical to that in the non—supplemented 
treatment. There was again no further increase by day 18. In the 
presence of added dextrose there was a similar increase to those before 
between days 0 and 4, but there was an additional and significant (P = 
0.01) increase in the estimated population of P. ollgandrum between 
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days 4 and 18. The final population level in this case was almost 
five times that originally detected. 
From these results it seems that the estimated population of 
P. oligandrum increased significantly and consistently after soil from 
the field was brought into the laboratory and moistened to 607. 
saturation. A possible explanation of this is that substrates were 
made available to the Pythium by the partial drying of the soil during 
the summer months in the field and these substrates could subsequently 
be used when the soil was rewetted. This would be consistent with the 
fact that added dextrose, but not added cellulose, enhanced the 
apparent population level still further. An alternative possibility 
that cannot be excluded is that the apparent increase in population 
level might have been an artifact resulting from triggering of oospore 
germination. 
Table 5.7: Estimated numbers (MPN) of propagules of P. oligandrum in soil 
after addition of glucose or powdered cellulose. 
Soil amendment 	MPN estimate of 'infective units'* of P. oligandrum after.. 






None 	 24 
	
65,L 	 65 
Dextrose (27,) 	 31 627L l48& 
Cellulose (2°!,) 29 
	
657L 	 49 
* per g air—dry soil 
,L significantly higher (P = 0.05) than at 0 days 
L significantly higher (P = 0.01) than at 4 days 
5.2.3 Coloniaation by P. oligandrum of wheat atraw and filter 
paper precolonised by cellulolytic fungi 
Deacon & Henry (1978) found that straw pieces precolonisedby 
P. oligandrum and subsequently buried in soil were to some degree 
invaded by different fungi than in the case of straws not precolonised 
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by P. oligandrum. Upon testing the invading fungi in opposed 
inoculations with P. oligandrum on agar plates, it was found that 
several of the soil fungi that had invaded straws precolonised by 
P. oligandrum were resistant to antagonism by this fungus; in other 
words, the initial presence of P. oligandrum seemed to have a 
selective influence on the types of fungi that would colonise wheat 
straw from soil. 
The present series of experiments was carried out to investigate 
the converse possibility, namely that P. oligandrum might 
differentially colonise pieces of wheat straw already colonsed by 
other fungi. For comparison, precolonised pieces of filter paper were 
used in several of the experiments. The two types of substrate were 
prepared as follows: 
Pieces of straw, each 3 cm long, were cut from dried wheat stem 
collected just prior to harvest; the pieces were cut so that each had 
a node near one end and bore a leaf sheath over most of its length. 
They were placed in batches of 25 in small conical flasks, moistened 
with 7.5 ml distilled water and autoclaved for 20 minutes at 121 0C. 
This volume of water was sufficient to saturate them. Some flasks of 
straw were left uncolonised; to others a PDA inoculum disc of a 
cellulolytic fungus was added, and the flasks were incubated for 17 
days at 250C with periodic shaking. The fungi used were Botryotrichum 
piluliferüm, Rhizoctonia solani (isolate R3), Stachybotrys chartarurn 
(isolate MF 12), Phialophora sp. (lobed hyphopodia) (isolate IMI 187786) 
and Gaeumannomyces graminis var graminis (isolate DAR 4). In addition 
a batch of flasks containing non—autoclaved wheat straws was moistened 
with distilled water and incubated for 17 days to enable growth by 
natural colonists. There were thus seven treatments comprising five 
inoculant fungi, a "sterile control" and a "non—sterile control". 
184. 
In parallel with the treatment of straws, filter paper 
'sandwiches' were prepared by placing an 18 mm diameter filter-paper 
circle between two 20 mm diameter circles (Whatman No. 3). Each 
sandwich was moistened with a drop of cellulolysis solution (section 
2.1) to provide mineral nutrients and to improve cohesion of the 
circles. Batches of 25 'sandwiches' were wrapped in aluminium foil 
and autoclaved for 25 minutes at 1210C. After trying various 
methods, the most successful for obtaining consistent and uniform 
colonisation of the filter-paper circles by fungi was found to be by 
placing them around the margin of a colony of a cellulolytic fungus 
grown on cellulolysis medium solidif ied. with agar. Three days after 
the cellulolytic fungus had begun 46 ,, colonise the wads, these were 
moistened with another drop of celtulolysis solution containing, in 
addition, 0.27 glucose. The filter-paper wads were left in position 
on the agar plates for a total of 17 days. The fungi used were as 
before, but a non sterile "control" was not included. 
5.2.3.1 Colonisation by P. oligandrum of wheat straw and filter 
paper on a supporting agar medium 
Plates of PDA were inoculated centrally with an isolate of 
P. oligandrurn from soil designated MF 57, which was used in the 
subsequent parts of the experiment to be described later. When the 
fungus had grown to 10 mm from the edge of the plates, wheat straws 
were inserted vertically, node end downwards, into the agar3 mm 
behind the colony margin. About 2.5 cm of the length of each straw 
thus projcted above the surface of the agar. 'Sandwiches' of filter-
paper were similarly placed in contact with the growing margin of 
P. oligandrum on PDA plates. The straw pieces and filter-paper 
sandwiches were left in position for 6 days in covered dishes, and 
colonisation by P. oligandrum was then assessed both by microscopy and 
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by isolation onto Phialophora plates. For microscopy, the leaf 
sheaths were removed from phe straws and stained with cotton blue in 
lactophenol and examined for the presence of spiny oogonia. The straw 
stems were split longitudinally and pieces were placed on Phialophora 
plates. The filter-paper sandwiches were carefully opened and each 
circle was examined by microscopy as above, and one of the outer 
circles was placed on a Phialophora plate. 
Table 5.8: Colónisation of wheat straw and filter paper precolonised by 
various fungi, from a pure inoculum of P. oligandrum on PDA 
plates 
Colonisation by P. oligandrum IMI 78731 
Precolonisation 	Detection by microscopy 	Detection by use of 
treatment Phialophora plates 
Straws 	Filter paper 	Straws 	Filter paper 
A* 
B. piluliferum ++ ++ present present 
Phialophora sp. ++ ++ ++ present present 
"Autoclaved control" ++ + + present present 
G. graminis var 
graminis ++ + + present present 
"Non-autoclaved 
control" + - - absent - 
solani o o o absent absent 
chartarum o o o absent absent 
o 	oogonia absent 
+ oógonia present but in small numbers 
oogonia present in moderate numbers 
+++ oogonia abundant 
*A 	outer filter-paper circle 
*B middle filter-paper circle 
As shown in Table 5.8, oogonia characteristic of P. oligandrum 
were most abundant on straws and filter papers previously colonised by 
B. piluliferum. They were also seen in considerable numbers on straws 
precolonised by Phialophora sp. and C. graminis var graminis and in the 
autoclaved control straws, and on filter papers precolonised by 
Phialophora sp. Few oogonia were seen in the non-autoclaved control 
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straws and in filter paper of the G.g. graminis and autoclaved control 
series. Of interest, no oogonia were seen on straws or filter paper 
precolonised by R. solani or S. chartarum. Use of Phialophora plates 
for selective isolation showed the same pattern. These results are 
consistent with those showing differences in susceptibility of these 
àellulolytic fungi to P. oligandrum, as presented in Tables 4.7, 4.9 
and in section 4.5.1. 
5.2.3.2 ColonisationbP. oligandrum of 8trC&8 and filter paper 
buried in 80i1 
Straws and filter-paper sandwiches were prepared as before, as 
part of the same experiment as described in section 5.2.3.1. 
Polystyrene drinking cups were filled to two-thirds capacity with air-
dry soil, sieved less than 2 mm; the soil was designed MF 57 and was 
from an arable rotation with a predominance of cereals. Its pH was 
6.4 and its saturation capacity was 65.5 g water per 100 g air dry 
soil. The precolonised and control straw pieces were pressed 
verticallyinto the dry soil, nodal end downwards, so that they 
projected about 1-2 mm above the soil surface. The soil was then 
brought to 60% saturation with water and the cups were covered to 
maintain this saturation level. Six replicate pots were prepared for 
each straw treatment, eight straws per pot. The filter-paper 
sandwiches were added to air-dry soil in three layers, with two or 
three sandwiches per layer as the cups were filled with soil. The 
soil was brought up to 60% saturation in stages, after each tier of 
filter paper was added. Again, six replicate cups were prepared for 
each treatment. 
Three replicate cups of each treatment were incubated at 4 ° C in 
a cold room and were sampled after 20 hours. This sampling served as 
a check to ensure that P. oligandrum was not detected as a result of 
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physical contamination from the soil. The other series of three 
replicates were incubated at room temperature and sampled after 7 
days. On retrieval the straws were rubbed gently between the fingers 
under a slow-running stream of water to remove contaminating soil. 
They were then washed in fast running water for 1 hour, and the leaf 
sheaths and nodes were removed. The internodal straw pieces were then 
washed again for 1 hour in fast running water and checked to ensure 
that there was no contamination of the lumina or outer surfaces with 
soil. Each straw was cut into four pieces and these were plated onto 
each of the following four media, for detection of P. oligandrum or 
other invading fungi, or for detecting the presence of the precoloniat 
fungus: 
Phialophora plates; 
Schmitthenner medium with added nystatin (section 5.1.1); 
Cellulose film overlying cellulolysis agar (section 2.1), with 
streptomycin at 67 pg/mi; 
PDA with streptomycin at 67 pg/mI. 
The plates were examined at intervals during the first 7 days for the 
presence of P. oligandrum, and they were then reincubated and 
re-examined later. 
On retrieval of the filter-paper sandwiches, the soil particles 
were carefully picked off with forceps and most of the remaining soil 
that adhered to the filter paper was washed away under a jet of water. 
One of the outer circles was peeled off, exposing the middle circle 
which had not been in direct contact with soil. Samples about 3 mm 
square were carefully teased from the centre circle and plated onto 
the four media described above. 
After 20 hours burial at 4 0C, P. oligandrum was detected in only 




control' treatment. It was thus concluded that the possibility of 
contamination by soil leading to a "false" detection of P. oligandrum 
was minimal. 
Table 5.9: Colonisation of wheat—straw pieces buried in soil for 7 days. 
Pretreatment of straw pieces 
Non— 	- S.C. C.g.g. R.s. Ph.sp. B.p. Autoclaved 
autoclaved control 
control 
No. of straw pieces 
(total recovered) 	24 	24 	22 	24 	24 	21 	24 
No. with 
P. oligandrum 	 0 	0 	0 	1 	5 	14 	15 
No. with Pythium 
sp. (swo) 	 0 	0 	11 	0 	7 	0 	1 
No. with precolonist 
fungus 	 - 	24 	22 	5 	9 	2 	- 
No. with 
Gliocladium roseum 	2 	0 	1 	3 	2 	4 	2 
No. with 
Trichoderma spp. 	4 	0 	1 	1 	4 	0 	1 
Total no. of fungal 
species 	 30 	4 	17 	49 	29 	25 	27 
S.C. 	Stachybotrys chartarum 
G.g.g. Gaeumannomyces graminis var graminis 
R.s. 	Rhizoctonia solani 
Ph.sp. Phialophora sp. (lobed hyphopodia) 
B.p. 	Botryotrichum piluliferum 
Results for burial after 7 days are shown in Table 5,9. They 
represent the total number of straws in each treatment in which 
P. oligandrum or other mycoparasites were detected, the results for 
all isolation methods being pooled for this purpose. P. oligandrum 
colonised many straws in the 'autoclaved control' series and in the 
series previously colonised by B. piluliferum. It colonist few of the 
straws precolonised by Phialophora sp., a single straw of the 24 straws 
precolonised by R. solani and none of the straws in the 'non-
autoclaved' control, Stachybotrys and C. graminis var graminis 
treatments (Table 5.9). Pythium sp. (SWO) was found also to colonise 
some straws, notably those of the C. graminis var graminis and 
Phialophora series. Cliocladium roseum colonised a few straws in most 
series, as did Trichoderma spp. 
P. oligandrum and Pythium sp. (SWO) can thus colonise straws 
pretreated with appropriate fungi; further, these pythia appear to 
show different 'preferences' one to another for the types of 
precolonised straw that they colonise. Plating onto PDA + streptomycin 
showed that Stachybotrys and C. graminis var graminis could be 
reisolated from all or nearly all of the straws previously colonised 
by them, whereas R. solani, Phialophora sp. and Botryotrichum were 
reisolated at much lower frequencies (Table 5.9). 
It can be noted that the Phialophora plate detection method, 
though most effective of those used, nevertheless failed to reveal 
P. oligandrum in nine straw pieces from which it was isolated on the 
Schmitthenner medium, so the use of several different isolation 
methods seems essential in order to obtain an estimate of colonisation 
by this fungus. 
Assessments of buried filter paper by the same methods as above 
(Table 5.10) revealed much less colonisation by P. oligandrum. In 
fact it was detected in only two filter-paper sandwiches of a total of 
112 tested (some filter-paper sandwiches were rejected at the end of 
the burial period because they had disintegrated sufficiently for soil 
particles to contaminate the internal papers). Pythium sp. (swo) was 
only detected once, G. roseum twice and Trichoderma spp. on 11 of the 
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Table 5.10: Frequency of isolation of fungal colonists of filter-paper 
circles buried in soil for 7 days, and the frequency of re-
isolation of the fungi used to colonise the filter paper prior 
to burial 
Pretreatment of filter paper 
S.c. G.g.g. R.s. Ph.sp. B.p. Autoclaved 
control 
No. of filter-paper wads 	 13 	19 	18 	21 	18 	23 
No. with 
P. oligandrum 	 0 	0 	0 	1 	1 	0 
No. with Pythiuin 
sp. (swo) 	 0 	0 	0 	1 	0 	0 
No. with precolonist 
fungus 	 12 	6 	6 	4 	1 
No. with 
Gliocladium roseum 	 0 	0 	0 	1 	0 	1 
No. with 
Trichoderma spp, 	 2 	0 	2 	1 	5 	1 
Total no. of fungal 
species observed 	 2 	12 	21 	9 	8 	18 
S.C. 	Stachybotrys chartarum 
G.g.g. Gaeumannomyces graminis var graminis 
R.s. 	Rhizoctonia solani 
Ph.sp. Phialophora sp. (lobed hyphopodia) 
B.p. 	Botryotrichum piluliferum 
5.3 SURVEY OF THE OCCURRENCE OF MYCOPARASITES IN SOILS 
Over the course of 2 years the occurrence of P. oligandrum and 
other mycoparasites in a range of soils and other materials was 
determined by plating small samples of freshly collected material onto 
the youngest margins of PDA plates precolonised by Phialophora sp, 
(lobed hyphopodia), isolate IMI 187786. Although it was found during 
the course of the work that plates previously colonised by some other 
fungi were, in some conditions, even more appropriate for this purpose 
(section 5.1.6.1) nevertheless for uniformity Phialophora was used 
throughout. The method, essentially, consisted of taking about 500 mg 
(fresh weight) of soil on a spatula and lightly pressing this onto the 
surface of the precolonised plate, in a localised region. The sample 
consisted of several subsamples, each being taken from different parts 
of the soil. The plates were incubated for usually 7 days at 25° C 
before examination but in all cases they were then reincubated for up 
to 3 weeks in order to detect fungi that colonised relatively slowly, 
notably Gliocladium roseum and Trichoderma species. Three or four 
replicate Phialophora plates were used throughout. 
5.3.1 Analyeie of the occurrence of P. oligandrum at different 
Boil d.eptha 
As a preliminary to the main part of the survey, two soils known 
to contain P. oligandrum were sampled at different depths in the field 
(during the summer months) and the samples were plated on Phialophora 
plates. One soil, MF 13, was a clay loam of 13-17 cm depth, pH 6.2, 
overlying highly consolidated clay in an ornamental border containing 
bedding plants and small shrubs. Three soil profiles were exposed, 
several metres apart, and the soil was sampled at 5 cm depth—intervals, 
taking 5 subsamples at 6 cm spacing across each profile. The 
subsamples were bulked and mixed thoroughly. 
As shown in Table 5.11, the three profiles gave different 
results one from another, but in all cases P. oligandrum and other 
inycoparasites occurred predominantly in the upper 20 cm of the 
profiles, i.e. above the consolidated clay. Trichoderma viride was 
found more often than either Gliocladium roseum or P. oligandrum, and 
Pythium sp. (SWO) was not detected. Occasionally, a Papulaspora sp. 
completely colonised the Phialophora plates and was seen on them 
because of the development of its characteristic bulbils. 
The àecond soil, designated MF 2, was a sandy loam of pH 6.8, 35 
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cm deep and overlying fine silty loam. The soil surface supported a 
mixed natural population of grasses, the area being on the bank of a 
stream which occasionally flowed on the grass in winter months. A 
single profile was exposed down to 45 cm, and samples were taken down 
two vertical transects 20 cm apart (Table 5.12). 
Table 5.11: Detection of some fungi in soil samples taken at various depths 
- soil NP 13 
Fungi Sampling_depth (cm) Total 
0 5 10 15 20 	25 30 
Profile A: 
P. oligandrum (P.o.) 0* 0 2 1 0 0 3 
C. roseum (C.r.) 3 3 0 0 0 	- 0 6 
T. viride (T.v.) 0 3 2 2 2 - 1 10 
Papulaspora sp. 	(Pap.) 0 0 0 0 0 	- 0 0 
Profile B: 
P.O. 1 0 3 0 1 	- - 5 
G.r. 0 2 0 2 2 - - 6 
T.V. 0 3 0 1 2 	- - 6 
Pap. 1 0 0 0 0 - - I 
Profile C: 
P.o. 0 0 0 0 0 0 0 0 
C.r. 0 0 0 0 0 0 0 0 
T.v. 3 0 2 0 1 0 0 6 
Pap. 1 0 0 0 0 0 0 1 
Summation of all profiles: 
P.o. 1 0 5 1 1 0 0 8 
G.r. 3 5 0 2 2 0 0 12 
T.v. 3 6 4 3 5 0 1 22 
Pap. 2 0 0 0 0 0 0 .2 
P.o. 	P. oligandrum 
G.r. G. roseum 
T.v. 	T. viride 
Pap. Papulaspora sp. 
* 	No. of plates on which the fungus was detected (max. 3) 
The two transects showed broadly similar results one to another, 
with P. oli2adrurn occurring on most of the Phialophora plates 




and T. viride were detected only occasionally. 
Table_5.12: Detection of P. oligandrum, T. viride and G. roseum in soil 
samples taken at various depths - site MF 2 
Fungi Sampling depth (cm) Total 
0 5 10 	15 20 25 30 35 40 
Transect 1: 
P. oligandrum (P.O.) 4* 4 4 	3 4 4 3 4 0 30 
G. roseum (G.r.) 0 0 0 0 0 0 1 0 2 3 
T. viride (T.v.) 0 1 1 	1 0 0 0 0 0 3. 
Transect 2: 
P.O. 3 2 4 	3 4 2 40 2 24 
G.r. 0 1 0 0 0 1 0 0 0 2 
T.v. 0 2 0 	0 2 1 1 n n 
Summation of subsamples: 
P.o. 	 7 	6 	8 	6 	8 	6 	7 	4 	2 	54 
G.r. 0 1 0 0 0 1 1 0 2 5 
T.v. 	 0 	3 	1 	1 	2 	3 	1 	0 	0 	11 
P.O. 	P. oligandrum 
G.r. C. roseum 
T.v. 	T. viride 
* 	No. of plates on which the fungus was detected (max. 4) 
From the results of the two separate experiments, it seems that 
similar results can be obtained for different transects down any 
single soil profile but that different profiles spaced several metres 
apart give quite different results one from another. In practice, of 
course, it would be possible to survey a range of soils by taking 
subsamples from several points in a site and hulking them. The data 
for depth—distribution show that samples collected at or near the soil 
surface area are as likely to yield mycoparasites as are samples 
collected deeper. For all subsequent work, therefore, soil samples 
were collected, from the top 5 cm of soils and these samples were 
composed of bulked subsamples from several (usually 10 to 20) 
different positions. 
5.3.2 Effects of cropping on the occurrence of P. oligandrum 
in soil 
To determine the possible effects of cropping on the occurrence 
of P. oligandrum in soil, use was made of an existing experimental 
site at Rosemaund Experimental Husbandry Farm (ADAS), Hereford, UK. 
The soil was a fertile stoneless silty loam of the Brotnyard series, 
derived from Old Red Sandstone and of pH 6.7. Full details of its 
characteristics are given in Deacon & Henry (1981). The field trial 
site consisted of two replicate blocks each with six main plots, and 
winter wheat had been grown continuously for 9 years prior to the 
establishment of the existing trial. The site was sampled in 1978, 7 
years after the trial was started. Then, one main plot in each block 
bore a continuous wheat crop (from 9-16 years); other main plots bore 
first, second or third wheat crops which followed two year breaks from 
cereals; and the remaining two main plots in each block comprised 
break crops. The trial was being run on a rotational basis with a view 
to comparing growth of first, second and third year wheat crops after 
different 2 year break crop sequences, and continuous wheat was also 
included for comparison. The different break sequences were included 
as sub-plots in each of the main plots and were as follows: 
swedes followed by potatoes; 
swedes followed by 1 year of Italian ryegrass; 
2 years of'Italian ryegrass. 
The soils were collected in March 1978 from 32 subplots on the 
trial, such that two replicate subplots were used for each cropping 
sequence. The samples consisted of bulked sub-samples from at least 
ten positions in each sub-plot. The soils from different sub-plots 
were assessed separately on three replicate Phialophora plates, but in 
Table 5.13, the results for all Phialophora plates for each cropping 
195. 
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Table 5.13: Effects of cropping sequence on the occurrence of P. oligandrum 
and Pythium sp (Swo) in soil. 
Cropping sequence Replicate No. of Phialophora plates on which Pythium 
(present crop sub—plot was detected (max. 3, or 6 for totals) 
underlined) 1 2 P. oligandrum Pythium sp (SWO) 
1 2 Total 1 2 Total 
WWSPW7 41 65 3 2 5 0 1 1 
WWSGW 45 69 2 2 4 1 1 2 
WWGCc1, 48 71 2 2 4 1 2 3 
WSPWW 2 91 3 3 6 0 0 0 
WSGWW 6 94 2 3 5 1 1 2 
WGCWW 8 95 3 3 6 0 0 0 
WSPW%JW,L 9 49 1 1 2 2 2 4 
WSGWWW 13 53 3 3 6 0 0 0 
WGGWWW,L 15 56 2 3 5 1 0 1 
WWWFa1 low 18 82 3 3 6 0 0 0 
21 85 1 3 4 2 0 2 
24 88 3 3 6 0 0 0 
MWSFallow 25 59 3 2 5 1 1 2 
30 62 3 3 6 0 0 0 
WWWWC,L 31 63 1 1 2 2 2 4 
16W7L 39 77 3 3 6 0 0 0 
Total 78 21 
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selected for further study by MPN method (Table 5.14). 1, 2: results 
of'tests on replicate samples 
system have been combined. As shown in Table 5.13, P. oligandrum was 
detected on 78 out of a total of 96 Phialophora plates used for 
assessment of the soils, and Pythium sp. (swo) was detected on 21 of 
the 96 plates. P. oligandrum occurred in first, second and third 
wheat crops after all of the break crop sequences as well as in the 
16th wheat crop, in fallow soil following 3 years of wheat (prior to 
growing potatoes or grass), in third and ninth wheat crops and in a 1 
year grass ley after 9 years of wheat. Pythium sp. (Swo) also occurred 
in many of these plots though at apparently lower population levels 
than did P. oligandrum. Of interest, Table 5.13 shows that in cases 
in which P. oligandrum was most common (as evidenced by its occurrence 
on most of the Phialophora plates), Pythium sp. (SWO) was detected 
infrequently. The converse was also true. Analysis of individual.. 
Phialophora plates showed that Pythiutn sp. (Swo) occurred in 
combination with P. oligandrum on only.three plates, whereas it was 
found on 18 plates in the absence of P. oligandrum. This difference is 
significant at P = 0.01 (chi—squared test), and it could be explained 
if the detection of Pythium sp. (swo) was affected by the presence of 
P. oligandrum, as shown in the results in section 5.1.4. Other fungi 
such as Trichoderma album, G. roseum and Papulaspora sp. were detected 
occasionally, but too infrequently for meaningful analysis. 
A few of the soils were selected for further study, as shown in 
Table 5.14. They were air—dried and then diluted with sand in a 
three—fold dilution series, down to one part in 729. The dilutions 
were plated onto Phialophora plates, with four—fold replication. 
In all cases, P. oligandrum was detected on almost all 
Phialophora plates at the lowest dilution level, and the dilution end 
point for detection of P. oligandrum occurred at about 1 in 243. 
Dilution!of the soil to 1 part in 9 still gave detection on all 
replicate Phialophora plates from some soils, but thereafter the level 
of detection fell off rapidly. In contrast, Pythium sp. (SWO) was 
detected on only one Phialophora plate 'seeded' with undiluted soil 
but it was detected on a few plates of the higher dilutions. For 
example, Table 5.14 shows that Pythium sp. (swo) was detected on 18 

























were from dilutions of at least 1 in 27. The corresponding figures 
Table 5.14: Effects of cropping sequence on population levels of 
P. oligandrum and Pythium sp. (SWO): estimate by MPN method. 
No of positive Phialophora plates (max. 4 for 
replicate samples, and 8 for totals for 2 replicates), 
at each dilution 
Cropping Replicate 	P. oligandrum 	 Pythium sp._(SWO)_ 
sequence sub plót,L Dilution level 	 Dilution level 
* 	 Plot no. 1 	3 	9 27 81 243 	1 	3 	9 27 81 243 
198. 
4 3 2 0 0 0 9 0 0 0 0 0 0 	0 
3 2 0 1 1 0 7 0 0 1 2 1 0 4 
7 5 2 1 1 016 0 0 1 2 1 04 
4 4 2 0 1 011 0 0 0 0 0 00 
4 4 1 1 1 0 11 1 2 0 0 0 0 	3 
8 8 3 1 2 022 1 2 00 003 
4 4 4 2 0 216 0 1 02 00 3 
4 4 4 0 0 012 0 00 0 0 0 	0 
8 8 8 2 0 228 0 1 0 20 03 
4 4 4 1 1 0 14 0 1 1 000 2 
4 3 3 2 0 0 12 0 1 1 0 0 0 	2 
8 7 7 3 1 026 0 2 2 0 004 
4 3 2 0 00 9.0 1 00 1 0 	2 
44 4 2 0 014 01 0 000 1 
4 	4 4 3 0 0 15 0 0 0 0 0 0 	0 
4 4 4 1 0 013 0 0 1 0 0 0 1. 
88 8 40 028 0 0.1.0 001 
Total at 
each 
dilution 	 47 43 33 13 	4 2 	1 	7 	4 4 2 	0 




numbered as in Table 5.13. 
for P. oligandrum were a total of 142 'positive' plates for the 
experiment as a whole, of which only 19 (13%) were from dilutions of 1 
in 27 or more. Evidently, dilution of the soil with sand enabled 
detection of Pythium sp. (SWO), whereas detection was usually not 
possible in the undiluted soil. This might be explained on the basis 
of competition between P. oligandrum and Pythium sp. (SWO) as suggested 
earlier (section 4.5.1). 
5.3.3 Survey of the distribution of P. oligandrumand other 
mycopara8ites in soils and natural 
A wide range of soils, chosen at first randomly but then 
purposefully to include specific types, was assessed for the presence 
of mycoparasites by plating onto Phialophora plates. Details of the 
soils and sites from which they were collected are summarised in Table 
5.15. In all cases, the samples comprised bulked subsamples from 0 - 
5 cm depth at several different positions in a site. The freshly 
collected sample was added to four replicate Phialophora plates held 
at 25°C. In some cases natural materials other than soil were used, 
for example pieces of rotting wood, lake or stream sediment, pieces of 
seaweed, etc. They were placed on the Phialophora plates in the same 
way as was the soil. 
Table 5.15 shows the occurrence of the different mycoparasites 
in each soil or material and in Tables 5.16 - 5.18 the data have been 
categoried with respect to site or soil characteristics. 
The distinctions made in this respect are firstly between 
'natural' and 'disturbed' sites,'natural' being those that are 
largely undisturbed by man on a regular basis, and 'disturbed' being 
sites like agricultural and garden soils which are frequently 
disturbed; secondly, a distinction is made on the basis of soil pH; 
and thirdly on the basis of vegetational type or cropping history. 
199. 
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Table 5.15: 	Occurrence of mycoparasites in soils or natural materials, as 
determined by use of precolonised Phialophora plates (4 
replicates) 
Site Location Disturbed Soil type/vegetation pH Mycoparasites detected 
code (D)/ Po = P. ollgandrum, 
Natural SWO = Pythium sp.(SWO) 
(N) T = Trichoderma spp., 
C = Cliocladium, 
Pap = Papulaspora 
Pa = P. acanthicurn 
MF I Edinburgh D garden border loam 6.6 Po 
2 " N grass, sandy loam 6.8 Po 
3 U D natural grass 6.8 Po 
4 " N grassy quarry face 6.8 T 
5 it  N bare soil with bushes 6.7 0 
6 " D arable (cereal) 6.7 0 
7 " D arable (cereal) 6.6 Po SWO 	T 
8 Aberlady, 
E.Lothian N sand - seashore 6.5 0 
9 Edinburgh N natural grassland 5.4 0 
10 Dunbar, 
E. Lothian D golf course turf 6.3 Po SWO 
11 •Pitstone, Beds 	D garden border soil 6.2 Po 
12 Cupar, Fife D garden border soil 6.1 Po 
13 Dundee D golf course turf 6.2 Po SWO 	C 	Pap 
14 Cupar, Fife D arable (cauliflowers) 6.2 Po T 
15 of D arable - acid patch 4.9 Po T 
16 if  13 arable (cereals) 5.1 SWO 
17 of  D arable (barley) 6.5 SWO 	T 	C 
18 Edinburgh D garden border soil 6.0 Po 
19 it  D garden border soil 6.1 Po T 	C 
20 to D garden border soil 5.8 Po SWO 	T C 	Pap 
21 of  D garden border soil 5.8 T 
22 Loch Leven N sediment 6.1 T 
23 N sediment 6.1 T 
24 " N shore line, sand 5.8 T 
25 N shore line, sand 5.8 T 
26 Fortrose, 
Ross-shire N sand 6.5 0 
27 Rosemarkie, sand, 
Ross-shire N around tree roots 4.5 0 
28 " N seaweed 5.0 0 
29 N sand, seashore 5.1 0 
30 " N seaweed 6.8 0 
31 N seaweed 6.3 • 0 
32 " rock pool, above 
LT line 5.9 0 
33 " N stream, at sea shore 4.1 T 
34 N stream (above) sedi- 
- ment lOOm upstream 5.0 C 
35 " N stream (above) sedi- 
ment 200m upstream 5.1 T 	C 
36 " N stream (above) sedi- 








Soil type/vegetation pH Mycoparasites detected 
Po = P.. oligandrum, 
SWO = Pythium sp. (swo) 
T = Trichoderma spp., 
C = Cliocladium, 
Pap = Papulaspora 
Pa = P. acanthicum 
37 " N stream (above) sedi- 
ment 400m upstream 5.5 G 
38 " N stream (above) sedi- 
ment 500m upstream 6.1 C 
39' " N stream (above) sedi- 
ment 500m upstream 6.9. 0 
40 " N stream (above) sedi- 
ment 500m upstream 6.8 0 
41 " N stream (above) sedi- 
ment 500m, plant 
roots 7.1 0 
42 " N stream (above) sedi- 
ment 500m, plant 
roots 6.1 0 
43 Edinburgh D garden border soil 5.9 T 
44 " D garden border soil 6.2 Po T 	Pa 
45 Strathpeffer, 
Ross-shire N 
46 " N 





50 of  D 
51 Rosemaund EHF D 
52 Edinburgh 	N 
53 it 	 D 
54 " 	 D 
55 " 	 N 
56 . 	 D 
57 " 	 D 





61 it 	 D 









67 of 	 D 
coniferous forest 4.2 T 
coniferous forest 3.2 T 
coniferous forest 3.2 T 
river, sediment 6.2 0 
cultivated 
grass, soil 6.0 T C 
cultivated 
grass, 	soil 6.3 T 
ryegrass, soil 5.7 Po SWO 	T C 	Pap 
quarry face 5.4 T 
garden border soil 5.8 Po 
garden compost 5.8 Po 'C 
conifer plantation 5.7 G 	Pap 
garden border soil 6.0 Po 
cultivated grassland 6.4 Po 
vine, soil 6.3 Po 
arable (wheat) 5.8 SWO C 
cultivated grassland 5.5 C. 
arable (barley) 6.0 SWO G 
clover/grass 5.5 SWO G 
arabic (wheat) 6.1 SWO C 
clover/grass 6.1 Po ' C 
arable (wheat) 5.5 . C 
arable (wheat) 5.7 . C 








Soil type/vegetation pH Mycoparasites detected 
Po = P. oligandrum, 
SWO = Pythium sp. (SWO) 
T = Trichoderma app., 
C = Gliocladium, 
Pap = Papulaspora 
Pa = P. acanthicum 
68 Roslin (diff- 
erent sites 
on one farm) D arable (cereal) 6.1 T 
69 it  D arable (cereal) 5.9 T 
70 is  D arable (cereal) 6.4 T 
71 if  D arable (cereal) 6.7 T 	C 
72 if  D arable (cereal) 5.9 T C 
73 of D arable (cereal) 6.3 T 
74 it  D arable (cereal) 6.2 SWO 	T 
75 to  D arable (cereal) 6.6 T 	C 
76 of  D arable (cereal) 6.9 T C 
77 it  D arable (cereal) 6.3 T 	C 
78 Oxenford, 
E. Lothian D arable 6.3 Po SWO 	G. 
79 Melvinhall, 
E. Lothian N natural grassland 5.3 Po G 
80 Woodhall, 
E. Lothian N natural grassland 6.5 T 	G 
81 East Saltoun, 
E. Lothian D arable (wheat) 6.1 Po SWO 	C 
82 Bolton, 
E. Lothian D arable (wheat) 6.7 Po SWO 	C 
83 if  D arable (wheat) 6.6 SWO 
84 Haddington, 
E. Lothian N permanent pasture 6.6 Po C 
85 it  D arable 5.5 0 
86 of  D arable '6.6 C 
87 Canton Hill, 
E. Lothian D arable 5.9 T 	C 
88 Temple, 
Mid-Lothian N moorland, wet 3.6 T 
89 Gorebridge, 
Mid-Lothian N conifer plantation. 4.2 T 
90 it  N conifer plantation 3.9 T 
91 " N natural grassland 5.4 Po SWO 	T 	C 
92 '" D arable (turnips) 6.3 SWO 
93 Borthwick, conifer 
Mid-Lothian .N plantation, soil 4.2 T 
94 ' 	 it  N mixed deciduous 
95 ' I 	 D 
96 " 	 D 
97 ,, 	 D 
98 " 	 D 
99 ' I D 
100 Perth 	 D 








garden border soil 
bare soil with 
hawthorns 
4.9 	 T 
5.1 	0 
6.2 Po 	 C 




6.5 	 T 	C 
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Site Location 	Disturbed Soil type/vegetation pH Mycoparasites detected 
code (D)/ Po = P. oligandruin, 
Natural SWO = Pythium sp. (swo) 
(N) T = Trichoderma spp., 
G = Gliocladium, 
Pap = Papulaspora 
Pa = P. acanthicum 
102 N birch wood 4.6 T 	C 
103 " N coniferous plantation 5.0 T 
104 Edinburgh N natural grassland 5.5 G 
105 Musselburgh N oak woodland 5.3 T 	C 	Pa 
106 Oban, Argyll N moorland, soil 4.3 C 
107 Lerags, 
Argyll N sand - seashore 6.2 0 
108 Cramond, 
Edinburgh N natural grassland 6.3 0 
109 N deciduous wood, soil 6.3 C 
110 N coniferous wood, 
humus 4.9 C 
ill Balerno, 
Mid-Lothian N moorland 4.9 T 
112 it  D arable (barley) 5.7 T 	C 
113 Strathpeffer, 
Ross-shire D arable (fallow) 5.7 Po 
114 Edinburgh D arable (fallow) 6.3 C 
115 of  N permanent pasture 6.7 0 
116 Cramond, 
Edinburgh D arable (fallow) 6.5 C 
117 Edinburgh - 	D garden border soil 6.3 Po C 	Pap 
118 if D arable (fallow) 6.4 Po 
119 if N deciduous wood, soil 4.9 T 
120 it N deciduous wood, leaf 
litter 5.6 T 
121 " N deciduous wood, leaf 
litter 6.1 C 
122 N deciduous wood, leaf 
litter 6.2 C 
123 N rotting wood of 
gate 1 6.5 0 
124 " N rotting wood of 
gate2 4.6 T 	C 
125 " N conifer plantation 4.1 T 
126 ' " D arable (fallow) 6.2 Po SWO 	T 
127 D garden border soil 6.1 Po 
128 Worcester N deciduous wood, soil 5.2 C 
129 to D arable (barley) 6.4 Po C 
130 to D garden border soil 5.9 Po 
131 of D cultivated grass' 5.6 Po C 
132 Barnt Green, coniferous 
Worcs N wood, humus 4.1 T 
133 Comrie, 
Perthshire N moorland soil 3.2 T 	C 
134 Droitwich, 
Worcs D arabie - acid patch 4.9 Po G 
135 it  N natural grassland 5.6 0 
136 it D arable (fallow) 5.4 SWO 	T 
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Site Location 	Disturbed Soil type/vegetation pH Mycoparasites detected 
code 	 (D)/ 	 Po = P. oligandruin, 
Natural SWO = Pythium sp. (SWO) 
(N) 	 T = Trichoderma spp., 
C = Cliocladium, 
Pap = Papulaspora 
Pa = P. acanthicum 
137 of  D arable (potatoes) 5.8 Po SWO T 
138 to  D arable (fallow) 5.4 SWO C 
139 of D cultivated grass 5.7 0 
140 to D construction site, 
soil 5.5 T 
141 of  N permanent pasture 5.7 Po 
142 to N oak woodland, soil 6.1 T 
143 if N deciduous wood, soil 6.3 T 
144 Worcester D border soil 5.9 SWO C 
145 it D border soil 6.3 0 
146 Comrie, 
Perthshire N moorland, soil 4.9 SWO G 
147 it  N moorland, soil 5.1 0 
148 " N rotting roots, 
permanent pasture 5.0 Po 
149 " D arable 6.0 Po 
150 Edinburgh N oak tree, rotting 
wood 4.6 T 	G 
151 Peebles N moorland, soil 4.3 T 
152 it N moorland, soil 4.0 T 
153 " N freshwater stream 4.9 C 
154 Innerleithen, 
Peeblesshire D arable 6.1 Po SWO 	T 
155 it D arable 5.6 Po T 
156 it N freshwater stream 4.1 0 
157 " N deciduous wood, soil 5.9 Po T 	C 
158 " D garden border soil 6.1 Po C 
159 Calashiels N coniferous wood, 
humus 4.9 Po 
160 Newtyle, Angus N moorland, soil 4.1 T 
161 it  N moorland, soil 3.3 T 
162 it  N moorland, bog 3.6 SWO 
163 Edinburgh D arable 6.1 Po T 
164 " D arable (potatoes) 5.6 SWO 
As shown in Table 5.16, of the total 164 soils or materials 
tested in the survey, 79 could be categorised as 'natural' and 85 as 
'disturbed'. There were marked and significant differences in the 
occurrence of different mycoparasites in these cases. P. oligandrum 
was significantly more common in disturbed sites than in natural sites, 
as was Pythium sp. (swo). By contrast the occurrences of C. roseum and 
205. 
Trichoderma (usually T. viride) were not significantly different in 
natural as compared with disturbed sites. Papulaspora sp. was isolated 
very infrequently (from five sites) and is included in the table only 
because of its occurrence and progressive growth across the 
Phialophora plates but it may or may not be a mycoparasite. Of 
special note, P. acanthicuzn was isolated only twice in this study and 
P. periplocum was never seen. Also of note is the fact that of the 
total 164 sites, only 27 did not have one or more mycoparasites 
detectable by the Phialophora plate technique. 
Table 5.16: Frequency of isolation of reported and suspected mycoparasites 
from soils and other natural materials. 
No. of sites in which inycoparasites were detected* 
P.O. 	T.v. G.r. Pap. PSWO P.a. None 
"Natural" sites (total 79) 	9 	38 27 1 3 1 21 
"Disturbed" sites (total 85) 
Total (maximum 164) 
Significance of difference 
between "natural" and 
"disturbed" sites 7L 
Percentage of "natural" 
sites 
Percentage of "disturbed" 
sites 
38 	35 39 4 	25 1 	6 
47 	73 66 5 	28 2 	27 
<0.001>0.5 >0.2 - 	 <o.o - 	 (O.Ol 
11.4 	48.1 34.2 1.3 	3.8 1.3 	26.6 
44.7 41.2 45.9 	4.7 29.4 	1.2 	7.1 
Percentage of total sites 	28.7 44.5 40.2 	3.0 17.1 	1.2 16.5 
	
* P.O. 	Pythium oligandrum 
T.v. Trichoderma viride 
G.r. 	Gliocladium roseum 
Pap. Papulaspora sp. 
PSWO 	Pythium sp. (SWO) 
P.a. Pythium acanthicum 
None 	No mycoparasites detected on site. 
Probability of obtaining the observed difference by chance 
(chi—squared test) 
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Table 5.17 shows a grouping of the 'natural' and 'disturbed' 
sites according to cropping or type of vegetation. P. oligandrum, 
Pythium sp. (SWO), T. viride and G. roseum are seen to have been 
relatively common in arable sites and in herbaceous borders, with no 
significant difference between these types of habitat for any single 
fungus. In the range of 'natural' sites tested, P. oligandrutn was 
found commonly only in the undisturbed grassland, and at very low 
levels in the woodland sites. It was absent from heather tnoorland and 
from the 'extreme' sites mentioned at the foot of Table 5.17. 
T. viride and C. roseum also occurred in some of the natural 
grasslands and they occurred in many woodland sites (T. viride in 
particular) and in several 'extreme' sites (Table 5.17). 
A notable feature of this survey is the efficiency with which 
the Phialophora plates could be used to detect the occurrence of 
suspected mycoparasites. Indeed, of the 2.7 sites where no 
mycoparasites were detected, 15 sites were classified as being 
'extreme' (Table 5.17). Table 5.18 shows the occurrence of the 
mycoparasites in relation to the pH of soil or substratum. 
Unfortunately the distribution of pH was not as uniform as might have 
been hoped, mainly because of the geographical location of Edinburgh, 
around which there is a predominance of acidic sites but relatively 
few naturally alkaline or near—neutral ones; the majority of soils in 
Table 5.18 fall into a fairly narrow pH range 5.0 - 7.0. 
Nevertheless, Table 5.18 shows some interesting differences between 
the mycoparasites and this is perhaps shown best at the foot of the 
table where sites have been grouped within the ranges 3.0 to 4.9, 5.0 
to 6.4 and 6.5. P. oligandrum was most common in the middle and 
higher pH bands, and it occurred in few sites of pH < 4.9. Pythium sp. 
(Swo) showed a similar distribution. T. viride, however, was most 
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common at pH 3 to 4.9, was also present in many sites of pH 5 - 6.4, 
but was present in fewer sites of pH > 6.5. 	C. roseum tended to be 
most common at moderate and high pH values (of those tested) but also 
occurred at several sites of pH between 4.5 and 4.9. In very broad 
terms, therefore, P. oligandrum seems to be favoured by slightly 
acidic or near—neutral soils, T. viride is best able of all the 
mycoparasites to grow at low pH and seems relatively uncommon at near 
neutral pH, and C. roseum occurs at most pH values in the tested range 
except those below pH 4.5. 
Table 5.17: Frequency of isolation of mycoparasites from different types 
of habitat. 
Habitat No.of No. of sites in which mycoparasites were 
sites of detected 
each 	type P.O. T.v. G.r. PSWO Pap. P.a. None 
"Disturbed" 85 38 35 39 25 4 1 6 
Herbaceous border soil 	18 13 8 7 3 2 1 1 
Arable 53 20 23 27 19 1 0 3 
Construction site 1 0 1 0 0 0 0 0 
Grass 13 5 1 3 5 3 1 0 2 
"Natural" 79 9 38 27 3 1 1 21 
Grass (permanent pasture/ 
natural grass) 11 6 3 5 	1 	0 0 4 
Woodland: 
Deciduous 13 1 7 5 	0 	0 1 0 
Coniferous 12 1 9 2 0 1 0 0 
Moorland 11 0 7 3 	2 	0 0 1 
Decomposing vegetation 3 1 1 2 0 0 0 0 
Bare soil with shrubs 2 0 1 1 	0 	0 0 1 
"Extreme" 27 0 10 9 	0 	0 0 15 
P.O. 	Pythium oligandrum Extreme sites: Freshwater 
T.v. Trichoderma viride Sand 
G.r. 	Gliocladium roseum Rotting wood 
PSWO Pythium.sp. 	(Swo) Seaweed 
Pap. 	Papulaspora sp. Lake/stream sediment 
P.a. Pythium acanthicum Quarry rock—face 
Table 5.19 shows the occurrence of the different mycoparasites 
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alone or in combination with other mycoparasites in the soils. In 
this respect it should be emphasised that the figures refer to pooled 
results from the replicate Phialophora plates and do not necessarily 
indicate that the mycoparasites occurred in combinations on any 
individual plate. Such combinations on the same plate were rare 
Table 5.18: Occurrence of mycoparasites in relation to pH of the soil or 
other materials tested 
pH range 
.0 - 3.5 - 4.0 - 4.5 -[5.0 - 5.5 - 6.0 - 6.5 - 7.0 
3.5 	4.0 	4.5 	5.0 	5.5 	6.0 	6.5 	7.0 	7.5 
Total no. of sites 	4 	3 	12 	15 	18 	36 	52 	23 	1 
No. of sites with: 
P. oligandrum 0 0 0 3 2 11 25 6 0 
T. viride 4 2 9 8 8 17 18 7 0 
C. 	roseuin 1 0 1 7 9 18 19 11 0 
Pythium sp. 	(SWO) 0 1 0 1 5 6 10 4 0 
P. acanthicum 0 0 0 0 0 1 1 0 0 
Papu1as2asp. 0 0 0 0 0 3 2 0 0 
No mycoparasites 0 0 1 1 5 5 6 8 1 
pH range 
3.0 - 4.9 5.0 - 6.4 6.5 - 7.5 
Total no. of sites 34 106 24 
Percentage of sites with: 
P. oligandrum 8.8 35.8 25.0 
T. viride 67.6 40.6 29.2 
C. roseum 26.5 43.4 45.8 
Pythium sp. (swO) 5.9 19.8 16.7 
P. acanthicum 0 1.9 0 
Papulaspora sp. 0 4.7 0 
No mycoparasites 5.9 15.1 37.5 
between P. oligandrum and Pythium sp. (swo) and when this combination 
occurred the fungi were seen to grow in different regions of a plate. 
In most soils the tnycoparasites occurred in mixtures with at least one 
other such fungus. Indeed, in a considerable number of cases the 
mycoparasites were in mixtures with at least two others in a soil. 
The relatively large number of cases in which T. viride occurred alone 
can be explained on the basis that this fungus is more tolerant of low 
pH than are the others (Table 5.18). In analyses of individual 
combinations, not fully reported in the Tables, P. oligandrum and 
Pythium sp. (SWO) were found to occur together in only very few (2) 
soils in the absence of other mycoparasites, despite the apparently 
similar habitat preferences of these pythia (Tables 5.17 and 5.18). 
In contrast, Pythium sp. (SWO) occurred in combination with G. roseum 
in seven soils in the absence of other mycoparasites, and where 
Pythium sp. (SWO) did occur in combination with P. oligandrum (12 
soils) other fungi also were present. It was suggested earlier 
(section 5.1.4) that Pythium sp. (SWO) is antagonised or out—competed 
by P. oligandrum, which has a faster growth on Phialophora plates. 
The detection of Pythium sp. (SWO) would not necessarily be affected 
by growth of C. roseum or T. viride on the Phialophora plates, because 
G. roseum and T. viride were consistently seen to appear only late on 
the Phialophora plates, after prolonged incubation, whereas Pythium 
sp. (Swo) would already have been seen if present. 
Table 5l9: Occurrence of mycoparasites alone or in mixtures in soils and 
natural habitats. 
No. of sites in which the mvcooarasites were detected 
alone or in the named combinations* 
Alone with with with with with two or more Total 
P.o. T.v. G.r. PSWO 	mycoparasites 
P. oligandrum (P.o.) 	17 	- 	16 	20 	12 	 15 	 47 
T. viride (T.v.) 	36 	16 	- 	24 	11 	 12 	 73 
G. roseum (C.r.) 	19 	20 	24 	- 	14 	 13 	 66 
Pythium sp. (swo) 
(PwSO) 	 5 	12 	11 	24 	- 	 13 	 28 
* Each combination records cases in which two fungi were found in the same 
sample, even if other fungi were also present. 
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5.4 DISCUSSION 
The results in this section show that P. oligandrum and other 
mycoparasites are common in British soils and can be isolated by 
appropriate selective techniques, especially by the use of agar plates 
precolonised by susceptible or other host fungi. Of interest, 
however, is the fact that P. acanthicum was isolated very rarely, and 
P. periplocum was never isolated from British soils by the methods 
used here, although both of these fungi were shown to grow as well as 
did P. oligandrum across precolonised agar plates. It would have been 
useful to add oospores of P. acanthicum and P. periplocum to soil in 
order to assess the efficiency of precolonised agar plates for the 
subsequent isolation of these fungi. Unfortunately this was not done, 
but there is no reason to think that these fungi could not have been 
isolated from soils in which they were present. 
My work, which confirms and extends the work of Deacon & Henry 
(1978), has shown that P. oligandrum could be isolated from 28.7% of 
all soils tested and from an even higher proportion (44.7%) of 
disturbed soils - those of gardens and arable sites in particular. It 
is generally stated that P. oligandrum is common in a range of soils 
(e.g. Domsch, Cams & Anderson, 1980; Plaats—Niterink, 1981) and 
numerous papers are cited to support this view. Nevertheless, the 
success in isolation of this fungus from soils has never been reported 
to be as high as that found here (Table 5.16). Hendrix & Campbell 
(1970) reported that fungi in the P. oligandrum/P. acanthicum 'group' 
could be obtained from 5% of soils in the USA by means of a selective 
medium (Callic Acid Medium, Flowers & Hendrix, 1969). This report is 
surprising because in my work this medium, used as recommended, proved 
to be inhibitory to P. oligandrum and other mycoparasitic pythia, but 
non—inhibitory to a range of phytopathogenic pythia (Table 5.4). 
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P. acanthicum has been reported from soils in England (Warcup, 
1951; Apinis, 1964), the USA (Campbell & Hendrix, 1967; Hendrix & 
Campbell, 1970), Guam (Adair, 1969), Australia (Pratt & Heather, 
1973), New Zealand (Robertson, 1973a) and the Netherlands (Plaats-
Niterink, 1975). Indeed Apinis (1964) detected P. acanthicum in 6-.8% 
of pasture samples and in 30-32% of samples of marshes in Britain, by 
use of water agar, soil extract agar and baits such as hemp seed, 
Daphnia eggs, filter paper and wood shavings. 
P. periplocum has been recorded from soil in the USA (Hendrix & 
Campbell, 1970) and the Netherlands (Plaats-Niterink, 1975), but it 
seems in general to be less readily isolated from soil than are 
P. oligandrum and P. acanthicum. A non-echinulate Pythium sp. 
designated Pythium sp. (Swo) was isolated from 17.1% of all soils 
examined in this study and from 29.4% of 'disturbed' sites. For 
reasons given in sections 3.3, 4.1.2 and 4.1.5 this fungus seems to 
represent a new species of Pythium or, at least, it is behaviourally 
different from those that it resembles in morphology. 
Of interest, Pythium sp. (swo) invaded straw pieces precolonised 
by moderately resistant host fungi (e.g. G. graminis var graminis) 
more frequently than it invaded straws precolonised by highly 
susceptible host fungi like Botryotrichum piluliferum (Table 5.9). 
The reason for this is perhaps that the more highly susceptible fungi 
were more favourable to P. óligandrum (Table 5.9), and evidence 
presented in section 5.1.4 suggests that the presence of P. oligandruin 
on isolation media may suppress outgrowth by Pythium sp. (swo). For 
example, dilution of soil prior to its addition to Phialophora plates 
enabled Pythium sp. (swo) to be detected, whereas it was found rarely 
in the same soil when undiluted (Table 5.14). Perhaps interference 
between pythia during their outgrowth from soil and colonisation of 
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Phialophora plates could have led to the low level of detection of 
P. acanthicum in soils (Table 5.15), and to the absence of records of 
P. periplocum. More work is therefore needed on the interactions 
between mycoparasites during their outgrowth from soil inocula and on 
the use of different host fungi for isolation of mycoparasites from 
soil. Phialophora sp. (lobed hyphopodia) is obviously suitable for 
the detection of P. oligandrum, Trichoderma and Gliocladium roseum, 
and at least partly for the detection of Pythium sp. (SWO) but not 
necessarily for detection of other mycoparasites. Also, it can be 
noted that Streptomyces species frequently colonised the Phialophora 
plates from soil during the later stages of incubation of the plates, 
though this is unlikely to have been a complicating factor in the 
assessments of fungal population. 
The use of host fungi for detection and isolation of 
mycoparasites from soil has also been reported by Boosalis (1956) for 
Penicillium vermiculatum and Trichoderma spp. and by, for example, Liu 
& Baker (1980) for Trichoderma harzianum. In both of these papers 
mycelial mats of Rhizoctonia solani were added to soil and became 
invaded by the mycoparasites which could then be isolated from the 
mycelial mats. Agar plates precolonised by susceptible bacteria have 
routinely been used for isolation from natural environments of 
bacteriophage and the minute parasitic bacterium Bdellovibrio 
bacterioorus (Stolp & Starr, 1963). In these cases, the occurrence 
of the isolated microorganism is seen by the development of lytic 
plaques. Baits have been added to soil for the detection and 
subsequent isolation of phytopathogenic pythia; for example, Barton 
(1958) used turnip seedlings to detect populations of P. mamillatum in 
soil. Other 'baits' used for pythia have included leaves 
(Srinivasan, 1958; Adair, 1969; Kiemmer & Nakano, 1962), potato 
212. 
tubers (Hine & Luna, 1963), and cockroach wings, dead ants or their 
pupae (Rajagopalan & Ramakrishnan, 1964). Sutherland, Adams & True 
(1966) used apple fruits as baits and found that P. vexans was the 
Pythium species most frequently isolated from nursery beds by this 
technique. Goth et al (1967) used soaked autoclaved sweet corn seeds 
for isolation of pythia. Banihashemi (1970) placed cucumber fruits in 
soil to detect and isolate phytopathogenic Pythium spp. and 
Phytophthora spp., and Robertson (1975) used filter paper impregnated 
with a selective medium. Hemp seeds have been used by many workers, 
as an intended non-selective bait for Pythium spp. in soil. Park 
(1975, 1977) used pieces of filter-paper cellulose as baits 
specifically to isolate and to quantify the pppulation of cellulolytic 
Pythium sp. like P. fluminum and P. uladhum from freshwater streams. 
Thus the use of agar plates precolonised by Phialophora for isolation 
of mycoparasites is an extension of the long-standing use of baits in 
selective isolation of both Pythium spp. and parasites in general. 
In this study, P. oligandrum and Pythium sp. (SWO) were found 
predominantly in neutral or only slightly acidic soils, and not in 
strong-ly acidic soils. In this respect, the results agree closely 
with those of Barton (1958, 1960) for P. mamillatum. Barton suggested 
that Trichoderma spp. are responsible for the absence of 
P. mamillatum from acidic soils. Nevertheless he found that 
P. mamillátum grew only poorly at low pH values even in pure culture. 
P. oligandrum was not found in soils with pH values less than 4.9 ,  
(Table 5.18) but it grew reasonably well in liquid culture media at pH 
4.0 (Table 3.10). Seemingly some factor other than pH-tolerance 
per se is responsible for its absence from soils below pH 4.9. 
Trichoderma spp. may be involved because they are common in such soils 
(Table 5.18), though P. oligandrum could grow in the presence of 
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T. viride on agar plates (Table 4.26) and on cellulose film (Table 
4.9). 
P. oligandrum was found throughout the upper layers of 
cultivated soils (Tables 5.11, 5.12) but its population declined 
rapidly at the junction between topsoil and subsoil (Table 5.11). 
These results are consistent with those of most other workers for 
other Pythium spp. For example, the depth-distributions of various 
Pythium spp. have been studied by Harder & Ubelmesser (1957), Knaphus 
& Buchholtz (1958) and Aderungboye & Esuruoso (1976), and these fungi 
have been found predominantly in the superficial soil layers. Hendrix 
& Campbell (1973) similarly noted that the population levels may 
decrease with depth below the root zone, but Pythium spp. have been 
found as deep as 90 cm in soil. It is reasonable to expect the 
behaviour of P. oligandrum to parallel that of other Pythium spp., 
both because P. oligandrum is likely to depend on the same primary 
sources of substrate as are other pythia and because P. oligandrum, if 
it behaves as a mycoparasite in soil, is likely to grow where the 
growth of its fungal hosts are most favoured. 
The finding that P. oligandrum and Pythium sp. (SWO) occurred 
most commonly in 'disturbed' sites is again consistent with the 
observations of other workers for other Pythium spp. (e.g. Plaats-
Niterink, 1975). However, it is somewhat difficult to interpret 
because, in this study, the disturbed sites in general had higher pH 
values than did non-disturbed sites. Of particular interest is the 
finding that P. oligandrum was very common in plots with different 
cropping histories at Rosemaund, EHF (Table 5,14). These results, 
taken at face value, suggest that the type of cropping does not 
markedly affect P. oligandrum. This fungus is apparently common in 
agricultural cropping practice in Britain. 
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Despite all these comments, it is important to emphasise that 
the occurrence of a fungus is probably determined at least as much by 
microenvironmental factors as by gross environmental factors that are 
easily measurable. Thus, the population of P. oligandrum was found to 
differ markedly in three separate soil profiles in one site (Table 
5.11), and for this reason the main soil survey was done by bulking 
several subsamples from different places in each site. 
It seems likely that P. oligandrum was detected mainly as 
resting propagules in this study, and certainly this is the form in 
which it was likely to have been detected in soils that were air-
dried. Air-drying was found to destroy vegetative mycelium, even when 
this was protected within agar discs (section 5.1.5). Moreover, the 
fungus could be detected with reasonable efficiency when low numbers 
of oospores were added to precolonised agar plates, and the agreement 
between estimated population levels and the number of oospores added 
was extremely good when account was taken of the likely percentage 
germination of the spores (section 5.1.6.2). Air-drying of soil might 
stimulate oospore germination or growth across Phialophora plates from 
oospore inocula. There is no direct evidence for this, but it would 
provide a possible explanation of the increased level of detection of 
P. oligandrum in air-dried soil (Table 5.14) compared with in the same 
soil that had not been air-dried (Table 5.13). The behaviour of 
oospores of P. oligandrum was not investigated in detail in this 
study, but oospores are generally considered to be the main form in 
which Pythium spp. survive in soil (Barton, 195; Hoppe, 1966; Burr 
& Stanghellini, 1973; Stanghellini & Burr, 1973; Mitchell, 1975). 
In a comparative study, Ayers & Lumsden (1975) found that freshly 
harvested oospores of P. aphanidermatum germinated relatively poorly 
(27%) in 18 hours on nutrient medium, but air drying or ageing for 1 
215. 
or 2 weeks in non—sterile soil increased germination to 80-907.. In 
contrast, oospores of P. ultimum were dormant at first but 
germinability increased on exposure to non—sterile soil extract, 
exceeding 90°!. after 6 weeks. Oospores of P. myriotylum Drechsler 
germinated only poorly (maximum about 6°!.) and the "constitutive" 
dormancy in this case could not be broken by a range of treatments 
like drying, heat— or cold—shock. From my results (Table 5.6) it 
seems that the oospores of P. oligandrum can germinate, reasonably well 
when freshly collected and air—dried, and similarly when formed on 
agar and added as a pure suspension in water to agar (Table 5.6). 
Therefore, it is suggested that the MPN method used in this study 
gives a reasonable estimate of the population level of oospores in 
soil. 
A range of experiments was performed to assess the ability of 
P. oligandrum to invade, from a natural soil population, straws and 
filter papers colonised by a range of fungi (section 5.2.3). 
Significantly, fungi that were most susceptible to mycoparasitism by 
P. oligandrum in agar culture (section 4.5.1) on cellulose film or on 
filter paper in laboratory conditions (Tables 4.7, 4.9) enabled 
P. oligandrum to colonise straws when subsequently buried in soil. In 
contrast, fungi known from laboratory culture studies to be resistant 
to parasitism did not enable P. oligandrum to colonise the straws in 
soil -(Table 5.9). The results for Pythium sp. (Swo) were somewhat 
different (Table 5.9) because this fungus invaded best the straws. 
colonised by G. graminis var graminis, a normally resistant fungus 
(Table 4.21). The suggested reason already mentioned is that the 
result may reflect a methodological difficulty, namely that Pythium sp. 
(SWO) cannot be detected from soil in the presence of P. oligandrum 
which colonised straws containing the most susceptible fungi, 	- 
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Phialophora sp. (lobed hyphopodia) and Botryotrichum piluliferum. It 
is interesting that P. oligandrum and Pythium sp. (Swo) invaded very 
few buried filter—paper circles even when precolonised by potentially 
highly susceptible host fungi (Table 5.10) nor did they colonise 
pieces of cellulose film added to soil (section 5.2.1). Moreover, the 
population level of P. oligandrum did not increase in soil when this 
was supplemented with 2% powdered cellulose (Table 5.7). Taken 
together, these findings suggest that P. oligandrum does not have a 
marked ability to colonise pure forms of cellulose in soil even in the 
presence of other fungi. This is in contrast to Tribe's (1966) report 
that P. oligandrum occurred on cellulose film buried in soil. 
However, he gave no indication of how commonly P. oligandrum colonised 
the buried cellulose film, and he subsequently investigated the 
behaviour of P. oligandrum mainly because of his surprise that a 
"sugar fungus" occurred on cellulose in soil. P. oligandrum can 
colonise either virgin autoclaved wheat—straw (Table 5.9) or straws 
precolonised by susceptible host fungi as mentioned above (Table 5.9), 
and its population level was significantly increased when soil was 
amended with glucose (Table 5.7). These results are best explained by 
suggesting that P. oligandrum is a nutritional opportunist, able 
rapidly to exploit readily available nutrients in soil and able also 
to grow on agar plates precolonised by other fungi (section 4.5.1). 
It may be able also to utilise nutrients made available by the 
activities of other fungi or by autolysis of their hyphae. In 
addition to all these modes of nutrition, it is a mycoparasite. The 
essential difference between it and a fungus like P. mamillatum, which 
can also grow rapidly and utilise simple monomers added to soil 
(Barton, 1961), would seem to be that P. oligandrum, unlike 
P. marnillatum, can tolerate the competitive conditions associated with 
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6. FINAL DISCUSSION 
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Different aspects of the work in this thesis 
in sections 3.4, 4.6 and 5.4. In this concluding 
intended to consider the status of P. oligandrum, 
as mycoparasites and to review, briefly, the main 
earl ier. 
Much of the work has involved comparisons be 
have been discussed 
discussion it is 
and siilar fungi, 
findings presented 
ween, on the one 
hand, the group of species P. oligandrum, P. acanthicum and 
P. periplocum and, on the other hand, Pythium spp. widely known to be 
aggressively pathogenic towards higher plants (Middleton,. 1943). 
Similarities and differences in the behaviour of these broad groups of 
fungi are summarised in Table 6.1, which also includes information on 
Pythium sp. (SWO) for comparison. It is notable that Pythium sp. 
(SWO) behaved like the echinulate oogonial pythia (P. acanthicum, 
P. periplocum and P. oligandrum) in all important respects, and it is 
notable also that P. acanthicum, P. periplocum and P. oligandrum 
behaved similarly, one to another. Clearly, these four fungi form a 
behaviouraigrouping distinct from that of aggressive phytopathogens 
like, for example, P. ultimum, P. irregulare and P. aphanidermatum. 
In this respect it is emphasised that the 'mycoparasites' were 
obtained from different culture institutes or were isolated in the 
course of this work. They had thus been isolated originally by a 
range of different techniques, as presumably had the phytopathogens, 
so the similarity of their behaviour within the different experiments 
cannot be attributed to similar initial selection procedures. Only 
one isolate of P. acanthicum (IMI 136143) behaved differently from 
con—specific isolates, as previously reported by Deacon & Henry 
(1978). In fact it was similar in every respect to the aggressive 
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phytopathogens, with which it is grouped in Table 6.1. 
Table 6.1: Composite table showing differences between mycoparasitic 
and phytopathogenic: Pythium species tested. 
Test/character 	 Phytopathogenic Mycoparasitic Pythium sp. (SWO) 
species (a) 	species (b) 
Utilisation of: 
nitrate nitrogen 	 + 	 0 0 
ammoniuin-nitrogen + 0 0 
mannitol 	 0 	 + + 
Requirement for exogenous 
thiamine 	 0 (c) 	 + + 
Growth on gallic acid medium 	+ 	 (+) (+) 
Cel lulolysis: 
cellulose film 	 + (d) 	 0 0 
filter paper + (d) 0 0 
Per cent increase in growth 
at low compared with high 
concs of potato extract 	98 (e) 	144 139 
Parasitism of B. piluliferum 
- on cellulose film 	 0 	 + + 
- on filter-paper cellulose 	0 + + 
- on wheat straw 	 0 	 + (f) (g) 
Hypha1 coiling" around 
other fungi 	 0 	 + (h) + (h) 
Damping-off of wheat Very 
seedlings 	 Marked (i) 	Slight (i) slight 	(i-) 
Rotting of cucumber fruits 	Marked (j) Slight (k) 0 
Growth across "Phialophora 
plates" from soil inocula 	0 	 + + 
Pythium spp. that are grouped, for convenience, and include all 
species, other than "mycoparasitic" species, shown in Table 3.1. 
P. oligandrum, P. acanthicum and P. periplocum, except isolate IMI 
136143 of P. acanthicum which behaved similarly to the phytopathogenic 
pythia In all respects. 
P. anandrum CBS 285.31 and P. vexans CBS 455.62 required thiamine. 
Cellulolytic activity varied between species. 
Linear extension in an agar medium containing potato-extract at either 4 or' 1 g/l and dextrose at 20 g/l. 
Isolate CBS 430.68 of P. acanthicum did not markedly parasitise 
Phialophora sp. 	(lobed hyphopodia) on wheat straw. 
Not tested. 
A physically close association of hyphae of the Pythium with hyphae of 
other fungi, 	as loops, coils and spirals of its hyphae. 
(I) 	Predominantly pre-emergent damping-off. 
Extensive, rapid watery rot. 
Slow spreading firm rot, or merely staining. 
Pythium spp. in general are considered to be aggressive or 
potentially aggressive phytopathogens, though there are a few notable 
exceptions like the species P. fluminum and P. uladhum, which have 
only been detected in aquatic habitats as saprophytes (Park, 1975, 
1977; Park & McKee, 1978). This topic was extensively reviewed by 
Middleton (1943), and by Hendrix & Campbell (1973) and, although many 
other references to it could be cited, none essentially contradicts 
this view. Even P. oligandrum, P. acanthicum and P. periplocum have 
been reported to have wide host ranges among higher plants, insofar as 
they have been isolated from the root zones of many plant species and 
have been obtained from rotting fruits of several plants (Middleton, 
1943). It is not clear, however, if the extensive 'host' records of 
these species reflect aggressive parasitism or merely observed 
association with damaged plants. Indeed, P. oligandrum was originally 
isolated by Drechsler (1930) from rotting roots of peas (Pisum 
sativum), but Drechsler (1943) noted that it occurred along with other 
Pythium spp. that were known to be aggressive phytopathogens and he 
recognised that P. oligandrum might be a secondary or simultaneous 
invader of the tissues. P. oligandrum has also been found 
periodically in rotting stalk tissues of maize (Zea mays) in France 
(Messiaen, Lafon & Molot, 1959) and South Africa (J.w. Deacon, pers. 
comm.) but also in association with other potential stalk—rot fungi, 
so again in this case it might occur as a secondary invader. 
Robertson1(1973b), whilst recognising that P. acanthicum is seldom 
reported as an aggressive plant pathogen, nevertheless found that 
three isolates of this species were aggressively pathogenic to tomato, 
pea, and Ipomoea seeds or seedlings. In contrast, Hooker (1953) found 
it to be only slightly pathogenic to maize, and Hocking et al (1968) 
found it to be only slightly pathogenic to Pnus spp. Haskins (1963) 
presented equivocal evidence of the pathogenicity of Pythium sp. PRL 
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2142 (= P. acanthicum). It caused browning of the root tips of a wide 
range of plants in sterile conditions, which is not unexpected, but in 
non-sterile soil Haskins' (1963) results are open to interpretation 
because "Pythium spp." apparently caused damage even in uninoculated 
soils. Deacon & Henry (1978) reported that P. oligandrum, 
P. acanthicum and P. periplocum have low phytopathogenicity, as 
evidenced by failure to reduce the emergence of tomato or wheat 
seedlings, and failure to cause extensive rotting of wound-inoculated 
cucumbers. Haskins' isolate of P. acanthicum (PRL 2142) was included 
in the tests and behaved like the other mycoparasitic isolates. 
Nevertheless, Haskins (1963) reported extensive rotting of inoculated 
cucumber fruits (but without having included other Pythium spp. for 
comparison). In my own work, several of the isolates of P. oligandrum, 
and the two isolates of P. acanthicum, obtained from soil were wound-
inoculated into cucumbers but were found to cause only a limited, slow-
spreading firm rot, in contrast to the extensive, rapidly spreading 
watery-rot caused by a range of other Pythium spp. Possibly some of 
the conflicting reports in the literature are the result of strain-
differences within individual species of Pythium; this is well-
illustrated by the difference in behaviour between isolate IMI 136143 
and other isolates of P. acanthicum in this study and in Deacon & 
Henry (1978). Alternatively, some of the conflicting reports might be 
due to differences in test conditions. Overall, the evidence suggests 
that most isolates of P. oligañdrum, P. acanthicum and P. periplocum, 
and of Pythium sp. (SWO), are only slightly pathogenic to higher 
plants and this view is further supported by the ability of 
P. oligandrum to reduce disease caused by aggressively pathogenic 
pythia (Vese1, 1977, 1978d, 1979). Ithalso recognised that the 
species of phytopathogenic pythia can differ one from another, in host 
223. 
ranges and degrees of infectivity. They have been grouped as 
"phytopathogens" in this thesis mainly for convenience, to distinguish 
them from the proposed mycoparasitic species. 
Turning to features other than phytopathogenicity in Table 6.1, 
it is notable that the "mycoparasites" are distinguishable from the 
"phytopathogens" in several respects, though few of these are 
absolute. For example, with a few exceptions, they differed from the 
phytopathogens in growth on gallic acid medium (Table 5.4) and in the 
need for organic nitrogen sources and thiamine. The fact that these 
are not absolute distinctions is evidenced by the need for thiamine by 
a few 'phytopathogens" like P. anandrum, and one isolate of P. vexans, 
of two tested (Table 3.2). Ridings, Gallegly & Lilly (1969) also 
recorded that some other Pythium spp. require thiamine. The failure 
of the mycoparasitic pythia to degrade cellulose contrasts with the 
behaviour of many phytopathogenic pythia (Dillingham, 1955; Winstead 
& McCombs, 1961; Taylor & Marsh, 1963; Desai, Geypens & van Assche, 
1973; Nemec, 1974; Deacon, 1979), as found also during the present 
study (Tables 3.7, 3.8, section 3.2.2.2). But again this is not an 
absolute distinction because some aggressive phytopathogens apparently 
cannot degrade cellulose (Deacon, 1979). In the case of cellulose 
utilisation and of all the physiological features mentioned here, it 
is not clear why the mycoparasites should necessarily differ from 
other Pythium spp. 	Nor is it clear why the other Pythium spp. should 
differ one from another, in these respects. 
This work has shown a clear—cut difference between the 
mycoparasitic pythia and other Pythium spp. in their effects on growth 
of other. fungi, and the evidence suggests that the term rnycoparasitism 
can be used validly, as discussed in section 4.6. Growth on mannitol 
as sole carbon source is interesting in this respect because of the 
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frequent occurrence of mannitol in hyphae of other fungi, which might 
serve as hosts to some of the pythia. Despite these comments about 
mannitol, the ecological data presented for P. oligandrum in section 
5.3. show that this species grows in environments suitable to Pythium 
spp. in general. 	It is therefore conceivable that P. oligandrum and 
similar mycoparasites may most frequently encounter other Pythium spp. 
in nature. If they characteristically parasitise these other Pythium 
spp. then the ability to utilise mannitol would be of little 
importance, because Pythium spp., like the Oomycetes 	general, may 
translocate carbon nutrients as "plant sugars" like sucrose rather 
than as "fungal carbohydrates" like the polyols and trehalose. The 
possibility thatP. oligandrum parasitises other. pythia cannot be 
excluded, as it was demonstrated in laboratory tests (section 4.4). As 
hosts, the pythia were found to be only moderately susceptible or even 
resistant to parasitism by P. oligandrum (Tables 4.4, 4.5). This was 
found also by Deacon (1976) who argued that the extensive coiling of 
P. oligandrum around other pythia is an indication of at least partial 
resistance of the pythia to mycoparasitism. Such a degree of 
resistance might be expected to have developed if the potential hosts 
and the mycoparasites characteristically occur in the same types of 
environment in nature. 
It was noted earlier that P. oligandrum has been shown to control 
seedling diseases caused by other Pythium spp. (e.g. Vesel9, 1977, 
1978d, 1979), and this is difficult to reconcile with the evidence 
that pythia in general are relatively resistant (or at least not 
highly susceptible) to mycoparasitism by P. oligandrum. The rates of 
nutrient exudation from roots and germinating seeds are known markedly 
Fktt( 
to affect the development of damping—off diseases (Fientje, i964; 
. Schroth & Cook, 1964). It is therefore possible that a weak 
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pathogen like P. oligandrum interferes with the establishment of 
infection by other pythia as a result of competition for nutrients. 
In this respect it is notable that the rnycoparasitic pythia grew 
proportionately better (as linear extension rates) than did some 
phytopathogenic pythia on nutrient—poor as opposed to nutrient—rich 
media. Also, the mycoparasites seem to be effective scavengers for 
nutrients, as evidenced by their abilities to grow across agar plates 
precolonised by other fungi. This was used as the basis of their 
selective isolation from soil. It can, therefore, be suggested that 
an important feature of the mycoparasitic pythia, and of some other 
reported mycoparasites like Trichoderma viride, is their ability to 
create nutrient stress conditions to which other fungi may succumb by 
autolysis (Ko & Lockwood, 1970). In general, this behaviour may be 
just as important as direct parasitism by penetration of the hyphae of 
other fungi. 
Various toxins or antibiotics have been implicated in 
necrotrophic mycoparasitism (Barnett & Lilly, 1962; Dennis & Webster, 
1971a, b, c; Traquair & McKeen, 1978; Pachenari & Dix, 1980) as have 
wall—degrading enzymes (Chet & Baker, 1980; Pachenari & Dix, 1980). 
No evidence of toxin—production by P. oligandrum was found in 
this study, nor is it necessary to implicate toxins in the parasitic 
process, if the potential host fungi autolyse in response to nutrient-
stress created by the mycoparasite, as suggested here. This view is 
compatible with the observation that hyphal tips of fungi are most 
susceptible to "parasitism" by P. oligandrum (Haskins, 1963; Deacon, 
1976) and also with the observation that pigmented, "melanised" hyphae 
tend to be most resistant to the effects of P. oligandrum (Deacon, 
1976). It is recognised, however, that the same relative degrees of 
susceptibility might be seen with respect to fungal toxins. 
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The survey reported in this thesis (section 5.3.3) clearly shows 
that P. oligandrurn is common in soil and can be isolated readily by 
appropriate techniques. Indeed, very few soils of those tested dId not 
have one or other of the reported mycoparasites P. oliandrum, Pythium 
sp. (SWO), P. acanthicum, Trichoderma viride and Cliocladium roseum, 
and several soils contained more than one of these species. It would 
seem, therefore, that mycoparasitism could be common and important in 
soil, even if the mycoparasites do not always directly parasitise 
other fungi. The colonisation of straw pieces by P. oligandrum when 
they had been precolonised by "susceptible" host fungi but not by 
"resistant" or "antagonistic" fungi (Table 5.9) suggests that 
mycoparasites can selectively invade some natural materials in soil and 
could have important differential effects on the activities of other 
fungi in soil. It is suggested that rnycoparasitism is an important 
factor contributing to the competitive saprophytic ability (Garrett, 
1950, 1956) of fungi like P. oligandrum, but it is suggested further, 
that mycoparasitism per se may not be as important in this respect as 
are the associated attributes of mycoparasites, namely the ability to 
"scavenge" relatively low amounts of available nutrients and to 
tolerate the general metabolic by-products of other fungi, thereby 




Adair, C. (1969). The presence of the fungus Pythium acanthicum in 
soil on Guam. Micronesica, 4, 363 ( 11 1968"). 
Adams, P.B. and Ayers, W.A. (1981). Sporodesmium sclerotivorum: 
distribution and function in natural biological control of scierotial 
fungi. Phytopathology, 71, 90-93. 
Aderungboye, F.O. and Esuruoso, O.F. (1976). Ecological studies of 
Pythium splendens on oil palm. Plant and Soil, 44, 379-406. 
Agnithotri, V.P. and Vaartaja, 0..(1967). Effects of amendmends, 
soil moisture and temperature on germination of Pythium sporangia 
under theinfluence of soil mycostasis. Phytopathology, 57, 1116-. 
1120. 
Aist, J.R. (1976). Papillae and related wound plugs of plant cells. 
Annual Review of Phytopathology, 14, 145-163. 
Allen, D.J. (1982). Verticillium lecanli on the bean rust fungus 
Uromyces appendiculatus. Transactions of the British Mycological 
Society, 79, 362-364. 
Apinis, A.E. (1964). Concerning occurrence of phycomycetes in alluvial 
soils of certain pastures, marshes and swamps. Nova Hedwigia, VIII, 
103-126. 
Armentrout, V.N. and Wilson, C.L. (1969). Haustorium-host interaction 
during mycoparasitism of Mycotypha microspora by Piptocephalis 
virginiana. Phytopathology, 59, 897-905. 
Ayers, T.T. (1935). Parasitism of Dispira cornuta. Mycologia, 27, 
235-261. 
Ayers, W.A. and Adams, P.B. (1981). Mycoparasitism and its 
application to biological control of plant diseases. In Biological 
control in crop production. Beltsville symposia in agricultural 
research, 5. Allanheld, Osmura & Co., New Jersey. 
Ayers, W.A. and Lumsden, R.D. (1977). Mycoparasitism of oospores of,  
Pythium and Aphanomyces species by Hyphochytrium catenoides. Canadian 
Journal of Microbiology, 23, 38-44. 
Banihashemi, Z (1970). A new technique for isolation of Phytophthora 
and Pythium species from soil. Plant Disease Reporter, 54, 261-262. 
Barnett, H.L. (1958). A new Calcarisporium parasitic on other.fungi. 
Mycologia, 50, 497-500. 
Barnett, H.L. (1963). The nature of mycoparasitism by fungi. Annual 
Review of Microbiology, 17, 1-14. 
Barnett, H.L. (1964). Mycoparasitism. Mycologia, 56, 1-19. 
Barnett, H.L. and Binder, F.L. (1973). The fungal host-parasite 
relationship. Annual Review of Phytopathology, 11, 273-292. 
228. 
Barnett, H.L. and Lilly, V.G. (1958). Parasitism of Calcarisporium 
parasiticum on species of Physalospora and. related fungi. West 
Virginia Agricultural Station Bulletin, 420T. 
Barnett, H.L. and Lilly, V.G. (1962). A destructive mycoparasite, 
Cliocladium roseurn. Mycologia, 54, 72-77. 
Barton, R. (1958). Occurrence and establishment of Pythium in soils. 
Transactions of the British Mycologfcal Society, 41, 207-222. 
Barton, R. (1960). Saprophytic activity of Pythium mamillatum in 
soils. I. Influence of substrate composition and soil environment. 
Transactions of the British Mycological Society, 43, 529-540. 
Barton, R. (1961). Saprophytic activity of Pythium mamillatum in 
soils. II. Factors restricting P. mamlllatum to pioneer colonisation 
of substrates. Transactions of the British Mycological Society, 44, 
105-118. 
Berry, C.R. (1959). Factors affecting parasitism of Piptocephalis 
virginiana on other Mucorales. Mycologia, 51, 824-832. 
Bishop, R.H. (1964). Effects of nutrition on the mycoparasite, 
Gonatobotryum fuscurn. Ph.D. Dissertation, West Virginia University, 
Morgantown, 134 pp. 
Boosalis, M.G. (1956). Effect of soil temperature and green manure 
amendment of unsterilised soil on parasitism of Rhizoctonia solani by 
Penicillium vermiculatum and Trichoderma sp. Phytopathology, 46, 473-
478. 
Boosalis, M.G. (1964), Hyperparasitism. Annual Review of 
Phytopatholology, 2, 263-276. 
Brownlee, C. and Jenning, D.H. (1981). The content of soluble 
carbohydrates and their translocation in mycelium of Serpula 
lacrimans. . Transactions of the British Mycological Society, 77, 615-
619. 
Brushaber, J.A., Child, J.J. and Haskins, R.H. (1972). Effects of 
cholesterol on growth and lipid composition of Pythium sp. PRL 2142. 
Canadian Journal of Microbiology, 18, 1059-1063. 
Burr, T.J. and Stanghellini, M.E. (1973). Propagule nature and 
density cif Pythium aphanidermatum in field soil. Phytopathology, 63 9  
1499-1501. 
Butler, E.E. (1957). Rhizoctonia solani as a parasite df fungi. 
Mycologia, 49, 354-373. 
Campbell, W.A. and Hendrix, F.F. Jr. (1967). Pythium and Phytophthora 
species in forest soils in the southeastern United States. Plant 
Disease Reporter, 51, 929-932. 
Chesters, C.G.C. (1948). A contribution to the study of fungi in the 
soil. Transactions of the British Mycological Society, 30, 100-117. 
Chet, I. and Baker, R. (1980). Induction of suppressiveness to 
229. 
Rhizoctonia solani in soil. Phytopathology, 70, 994-998. 
Chet, I. and Baker, R. (1981). Isolation and biocontrol potential of 
Trichoderma hamatum from soil naturally suppressive to Rhizoctonia 
solani. Phytopathology, 71, 286-290. 
Chi, C.C. (1960). Effects of Streptomyces and Trichoderma on 
Fusarium. Phytopathology, 50, 631 (Abstract). 
Child, J.J., Dfago, C. and Haskins, R.H. (1969). The influence of 
carbon and nitrogen nutrition on growth and sterol-induced sexuality 
of Pythium sp. PRL 2142. Mycologia, 61, 1096-1105. 
Daniels, B.A. and Menge, J.A. (1980). Hyperparasitism of vesicular-
arbuscular mycorrhizal fungi. Phytopathology, 70, 584-588. 
Deacon, J.W. (1974). Further studies on Phialophoraradicicola and 
Caeumannomyces graminis on roots and stem bases of grasses and 
cereals. Transactions of the British Mycological Society, 63, 307-
327. 
Deacon, J.W. (1976). Studies on Pythium oligandrum, an aggressive 
mycoparasite of other fungi. Transactions of the British Mycological 
Society, 66, 383-391. 
Deacon, J.W. (1979). Cellulose decomposition by Pythium and its 
relevance to substrate-groups of fungi. Transactions of the British 
Mycological Society, 72, 469-477. 
Deacon, J.W. and Henry, C.M. (1978). Mycoparasitism by Pythium 
oligandrum and P. acanthicum. Soil Biology and Biochemistry, 10, 409-
415. 
Deacon, J.W. and Henry, C.M. (1981). Death of the root cortex of 
winter wheat in field conditions; effects of break crops and possible 
implications for the take-all fungus and its biological control agent, 
Phialophora radicicola var graminicola. Journal of Agricultural 
Science, 96, 579-585. 
Dennis, C. and Webster, J. (1971a). Antagonistic properties of 
species-groups of Trichoderma. I. Production of non-volatile 
antibiotics. Transactions of the British Mycological Society, 57, 
25-39. 
Dennis, C. and Webster, J. (1971b). Antagonistic properties of 
species-groups of Trichoderma. II. Production of volatile 
antibiotics. Transactions of the British Mycological Society, 57, 41- 
48. 
Dennis, C. and Webster, J. (1971c). Antagonistic properties of 
species-groups of Trichoderma. III. Hyphal interaction. 
Transactions of the British Mycological Society, 57, 363-369. 
Desal, B.C., Ceypens, M. and Van Assche, C. (1973). Influence of 
three fungicides on the production of cellulolytic and pectinolytc 
enzymes in the culture filtrates of Pythiurn spp. Mededelingen 
Fakulteit Landbouwweten Schappen Cent, 38, 1455-1466. 
230. 
Dillingham,.E.O. (1955). Cellulolytic activity and growth 
characteristics of Pythium irregulare. Ph.D. thesis, Purdue 
Univers ity. 
Dobbs, C.G. and English, H.P. (1954). Piptocephalis xenophila ap. 
nov. parasitic on non-mucorine hosts. Transactions of the British 
Mycological Society, 37, 375-389. 
Domsch, K.H., Cams, W. and Anderson, T.H. (1980). Compendium of soil 
fungi. Academic Press, London, New York. 2 volumes. 
Drechsler, C. (1930). Some new species of Pythium. Journal of the 
Washington Academy of Science, 20, 398-418. 
Drechsler, C. (1938). Two hyphomycetes parasitic on oospores of root-
rotting Oomycetes. Phytopathology, 28, 81-103. 
Drechsler, C. (1943). Antagonism and parasitism among some Oomycetes 
associated with root rot. Journal of Washington Academic Sciences, 
33, 21-28. 
Drechsler, C. (1946). Several species of Pythium peculiar in their 
sexual development. Phytopathology, 36, 781-864. 
Duncan, J.M. (1976). The use of plant baits to detect Phytophthora. 
fragariae in soil. Transactions of the British Mycological Society, 
66, 85-89. 
Durrell, L.W. (1966). Hyphal invasion by Trichoderma viride. 
Mycopathologica et Mycologia Applicata, 35, 138-144. 
Eckert, J.W. and Tsao, P.H. (1962). A selective antibiotic medium for 
isolation of Phytophthora and Pythium from plant roots. 
Phytopathology, 52, 771-777. 
Elad, Y, Kalfon, A. and Chet, I. (1982). Control of Rhizoctonia 
solani in cotton by seed coating with Trichoderma spp. spores. Plant 
and Soil, 66, 279-281. 
England, W.H. (1969). Relation of age of two host fungi to development 
of the mycoparasite, Piptocephalis virginiana. Mycologia, 61, 586-
592. 
Evans, G.H., Curtis, F.C. and Cooke, R.C. (1981). Host carbohydrate 
composition and trehalose activity in relation to mycoparasitism by 
Piptocephalis species. Transactions of the British Mycological 
Society, 77, 21-26. 
Federation of British Plant Pathologists (1973). A Guide to the Use 
of terms in Plant Pathology. Phytopathological Paper No. 17. 
Fisher, R.A. and Yates, F. (1963). StatistIcal tables for biological, 
agricultural and medical research. Sixth edition. Longman, London. 
Flentje, N.T. (1964). Pre-emergence rotting of peas in South 
Australia. II. Factors associated with the soil. Australian Journal 
of Biological Sciences, 17, 651-644. 
231. 
Flentje, N.T. and Saskena, N.K. (1964). Pre-emergence rotting of 
peas in South Australia. III. Host-parasite interactions. Australian 
Journal of Biological Sciences, 17, 665-675. 
Flowers, R.A. and Hendrix, J.W. (1969). CaIlic acid in a procedure 
for isolation of Phytophthora parasitica var nicotianae and Pythium 
spp. from soil. Phytopathology, 59, 725-731. 
Frank, Z.R. (1968). Pythium root-rot of peanut. Phytopathology, 58, 
542-543. 
Frankland, J. (1981). In The fungal community: its organisation and 
role in the ecosystem. (Wicklow, D.T. and Carroll, C.W., editors.). 
Marcel Dekker Inc., New York. 
Fuller, M.S. (1977). The zoospore, hallmark of the aquatic fungi. 
Mycologia, LXIX, 1-20. 
Gale, E.F., Cundcliffe, E., Reynolds, P.E., Richmond, M.H. and Waring, 
M.J. (1981). The Molecular Basis of Antibiotic.Action. Wiley, 
London. 
Garrett, S.D. (1950). Ecology of the root-inhabiting fungi. 
Biological Reviews, 25, 220-254. 
Garrett, S.D. (1956). Biology of root-infecting fungi. Cambridge 
University Press. 
Garrett, S.D. (1963). Soil Fungi and Soil Fertility. Oxford. 
Garrett, S.D. (1966). Cellulose-decomposing ability of some cereal 
foot rot fungi in relation to their saprophytic survival. 
Transactions of the British Mycological Society, 49, 57-68. 
Garrett, S.D. (1970). Pathogenic root-infecting fungi. Cambridge 
University Press, Cambridge, 
GaUmann, E. (1946). Types of defense reactions in plants. 
Phytopathology, 36, 624-633. 
Goth, R.W., De Vay, J.E. and Schick, F.J. (1967). A quantitative 
method for the isolation of Pythium species from soil using sweet 
corn. Phytopathology, 57, 813 (Abs.). 
Griffith,!N.T. and Barnett, H.L. (1967). Mycoparasitlsm by 
basidiomycetes in culture. Mycologia,59, 149-154. 
Hall, R.A. (1980). Laboratory infection of insects by Vrticil1ium 
locanii strains isolated from phytopathogenic fungi. Transactions of 
the British Mycological Society, 74, 445-446. 
Hall, R.A. and. Burges, H.D. (1979). Control of aphids in glasshouses 
with the fungus Verticillium lecanii. Annals of Applied Biology, 93, 
235-246. 
Harder, R. and Ubelmesser, E. (1957). Notiz zur f rage des Vorkommens 
von Chytridineen und anderen Pilzen in tiefen Bodenschichten. Archly. 
Microbiologik, 26, 353-357. 
232. 
Haskins, R.H. (1963). Morphology, nutrition and host range of a 
species of Pythium. Canadian Journal of Microbiology, 9, 451-457. 
Haskins, R.H., Tulloch, A.P. and Mircetich, R.G. (1964). Steroids and 
the stimulation of sexual reproduction of a species of Pythium. 
Canadian Journal of Microbiology, 10, 187-195. 
Hawker, L.E., Harrison, R.W., Nicholls, V.0. and Ham, A.M. (1957). 
Studies on vesicular-arbuscular, endophytes. I. A strain of Pythium 
ultimum Trow. in roots of Allium ursinum L. and other plants. 
Transactions of the British Mycological Society, 40, 375-390. 
Hedger, J.N. and Hudson, H.J. (1974). Nutritional studies of 
Thermomyces lanuginosus from wheat straw compost. Transactions of the 
British Mycological Society, 62, 129-143. 
Held, A.A. (1972). Host-parasite relations between Allomyces and 
Rozella. Parasitic penetration depends on growth responses of host 
cell-wall. Archiv. fUr Mikrobiologie, 82, 128-139. 
Hendrix, F.F. and Campbell, W.A. (1973). Pythiums as plant pathogens. 
Annual Review of Phytopathology, 11, 77-98. 
Hendrix, F.F. Jr. and Campbell, W.A. (1966). Root rot organisms 
isolated from ornamental plants in Georgia. Plant Disease Reporter, 
_Q, 393-395. 
Hendrix, F.F. Jr. and Campbell, W.A. (1970). Distribution of 
Phytophthora and Pythium species in soils in the Continental United 
States. Canadian Journal of Botany, 48, 377-384. 
Hendrix, F.F. Jr., Campbell, W.A. and Chein, C.Y. (1971). Some 
Phycomycetes indigenous to soils of old growth forests. Mycologia, 
63, 283-289. 
Hendrix, F.F. Jr., Campbell, W.A. and Moncrief, J.B. (1970). Pythium 
species associated with golf turfgrasses in the south and southeast. 
Plant Disease Reporter, 54, 419-421. 
Hendrix, J.W. (1965). Influence of sterols on growth and reproduction 
of Pythium and Phytophthora spp. Phytopathology, 55, 790-797. 
Hendrix, J.W. (1970). Sterols in growth and reproduction of fungi. 
Annual Review of Phytopathology, 8, 111-130. 
Hendrix, J.W. (1974). Physiology and Biochemistry of Growth and 
Reproduction in Pythium. In The Symposium on the genus Pythium. 
Proceedings of the American Phytopathological Society, ! 207-210. 
Hering, T.F. (1965). Succession of fungi in the litter of a lake 
district oakwood. Transactions of the British Mycological Society, 
48, 391-408. 
Hine, R.B. and Luna, L. (1963). A technique for isolating Pythlum 
aphanidermatum from soil. Phytopathology, 53, 727-728. 
Hoch, H.C.and Fuller, M.S. (1977). Mycoparasitic relationships. I. 
Morphological features of interaction between Pythium acanthicurn and 
233. 
several fungal hosts. Archives of Microbiology, 111, 207-224. 
Hocking, D., Setliff, E.C. and Jaffer, A.A. (1968). Potential 
pathogenicities of fungi associated with damped-off pine seedlings in 
East African pine nurseries. Transactions of the British Mycological 
Society, 51, 227-232. 
Hooker, A.L. (1953). Correlation of resistance to eight Pythium 
species in seedling corn. Phytopathology, 43, 476 (Abs.). 
Hoppe, P.E. (1966). Pythium species still viable after 12 years in 
air-dried muck soil. Phytopathology, 56, 1411. 
Hornby, D. (1969). Quantitative estimation of soil-borne inoculum of 
the take-all fungus (Ophiobolus graminis (Sacc.) Sacc. Proceedings of 
the Fifth British Insecticide and Fungicide Conference, 65-70. 
Huang, .H.C. (1978). Cliocladium catenulatum: hyperparasite of 
Sclerotinia sclerotiorum and Fusarium species. Canadian Journal of 
Botany, 56, 2243-2246. 
Hudson, H.J. (1968). The ecology of fungi on. plant remains above the 
soil. New Phytologist, 67, 837-874. 
Humble, S.J. and Lockwood, J.L. (1981). Hyperparasitism of oospores 
of Pythophthora megasperma var sojae. Soil Biology and Biochemistry, 
13, 355-360. 
Isaac, S. and Cokhale, A.V. (1982). 
production from Aspergillus niger. 
Mycological Society, 78, 389-394. 
Autolysis, a tool for protoplast 
Transactions of the British 
Jeffries, P. and Young,T.W.K. (1976). tjltrastructure of 	- 
infection of Cokeromyces recurvus by Piptocephalis unispora 
(Mucorales). Archives of Microbiology, 109, 277-288. 
Jenning, D.H. (1974). Sugar transport into fungi: an essay. - 
Transactions of the British Mycological Society, 62, 1-24. 
Karling, J.S. (1942). Parasitism among the chytrids. American 
Journal of Botany, 29, 24-35. 
Kenneth, R., Cohn, E. and Bhahor, C. (1975). A species of 
Phlyctochytrium attacking nematodes and oospores of downy mildew 
fungi. Phytoparasitica, 3, 70 (Abstract). 
Kenneth, R. and Isaac, P.K. (1964). Cephalosporium species parasitic 
on Helminthosporium (sensu late). Canadian Journal of Plant Science, 
44, 182-187. 
Klemmer, H.W. and Nakano, R.Y. (1962). Techniques in isolation of 
pythiaceous fungi from soil and diseased pineapple tissue. 
Phytopathology, 52, 955-956. 
Knaphus, C. and Buchholtz, W.F. (1958). Vertical distribution of 
Pythium graminicolum in soil. Iowa State College Journal of Science, 
33, 201-207. 
234. 
Ko, W.H. and Lockwood, J.L. (1970). Mechanisms of lysis of fungal 
mycelia in soil. Phytopathology, 60, 148-1 .54. 
Kraft, J.M. and Erwin, D.C. (1967). Effects of nitrogen sources on 
growth of Pythium aphanidermatum and Pythium ultimum. Phytopathology, 
57, 374-376. 
Krywienczyk, J. and Dorworth, C.E. (1980). Serological relationships 
of some fungi of the genus Pythium. Canadian Journal of Botany, 58, 
1412-1417. 
Leonian, L.H. and Lilly, V.G. (1938). Studies on the nutrition of 
fungi. I. Thiamin, its constituents, and the source of nitrogen. 
Phytopathology, 28, 531-548. 
Lewis, D.H. (1974). Microorganisms and plants: the evolution of 
parasitism and mutualism. Proceedings of General Microbiology 
Symposium, 24, 367-392. 
Lewis, D.H. and Smith, D.C. (1967). Sugar alcohols (Polyols) in fungi 
and green plants. I. Distribution, physiology and metabolism. New 
Phytologist, 66, 143-184. 
Lewis, J.A. and Papavizas, G.C. (1980). Integrated control of 
Rhizoctonia fruit rot of cucumber. Phytopathology, 70, 85-89. 
Liu, S. and Baker, R. (1980). Mechanism of biological control in soil 
suppressive to Rhizoctonia solani. Phytopathology, 70, 404-412. 
Lumsden, R.D. (1980). Ecology of mycoparasitism. In The fungal 
community: its role in the ecosystem. (Wicklow, D.T. and Carroll, 
G.W., editors). Marcel Dekker Inc., New York. 
Lumsden, R.D. and Ayers, W.A. (1977). Mycoparasitism of Pythium 
oospores by Fusarium spp. Proceedings of the American 
Phytopathological Society, 4, 217. 
Lumsden, R.D., Ayers, W.A. and Dow, R.L. (1975). Differential 
isolation of Pythium species from soils by means of selective media, 
temperature and pH. Canadian Journal of Microbiology, 21, 606-612. 
Luna, I.V. and Hine, R.B. (1964). Factors influencing saprophytic 
growth of Pythium aphanidermatum in soil. Phytopathology, 54, 55-
959. 
Maloy, O.C. and Alexander, M. (1958). The 'Most Probable Number' 
Method for estimating populations of plant pathogenic organisms in the 
soil. Phytopathology, 48, 126-128. 
Mandels, M. (1982). Annual reports on fermentation processes No. 5. 
Chapter 2, pp.35-78. 
Messiaen, C.M., Lafon, R. and Molot, P. (1959). Ncroses de racines, 
pourritures de tiges et verse parasitaire du mais. Annales des 
piphyties, 4, 441-474. 
Middleton, J.T. (1943). The taxonomy, host range and geographic 
distribution of the genus Pythium. Memoirs of the Torrey Botanical 
235. 
Club, 20, 1-171. 
Mitchell, D.J. (1975). Density of Pythium myriotylum oospores in soil 
in relation to infection of rye. Phytopathology, 65, 570-575. 
Mok 	
12
on, A.G. and Broadbent, D. (1955). The formation of extracellular 
nitren compounds by fungi. Journal of General Microbiology, 	, 
248-2,. 
Munnecke, D.E. and Moore, B.J. (1969). Effect of storage at -18 0C of 
soil infested with Pythium or Fusarium on damping-off of seedlings. 
Phy ,  pathology, 59, 1517-1520. 
Necas, 0. (1956). Regeneration of yeast cells from naked protoplasts. 
Nature (London), 177, 898-899. 
Nemec, S. (1974). Production of pectinases and cellulase by six 
Pythium species isolated from necrotic strawberry roots. 
Mycopathologia et Mycologia applièata, 52, 283-289. 
R.A. (1975). Fungal self parasitism in Saprolegnia megasperma, 
tn\dian Journal of Botany, 53, 2110-2114. 
Pachenari, A. and Dix, N.J. (1980). Production of toxins and wall 
degrading enzymes by Gliocladium roseum. Transactions of the British 
Mycolological Society, 74, 561-566. 
Papavizas, G.C., Lewis, J.A. and Abd-E1 Moity, T.H. (1982). 
Evaluation of new biotypes of Trichoderma harzianum for tolerance to 
benomyl and enhanced biocontrol capabilities. Phytopathology, 72, 
126-132. 
Park, D. (1975). A cellulolytic pythiaceous fungus. Transactions of 
the British Mycological Society, 65, 249-257. 
Park, D. (1976a). Nitrogen level and cellulose decomposition by 
fungi. International Biodeterioration Bulletin, 12, 95-99. 
Park, D. (1976b). Cellulose decomposition by a pythiaceous fungus. 
Transactions of the British Mycological Society, 66, 65-70. 
Park, D. (1977). Pythium fluminum sp. nov. with one variety and 
P. uladhum sp. nov. from cellulose in fresh-water habitats. 
Transactions of the British Mycological Society, 69, 225-231. 
Park, D. and McKee, W. (1978). Cellulolytic Pythium as a component of 
the river mycoflora. Transactions of the British Mycological Society, 
71, 251-259. 
Person, L.H., Lucas, G.B., Koch, W.J. (1955). A chytrid attacking 
oospores of Peronospora tabacina. Plant Disease Reporter, 39, 887-
888. 
Plaats-Niterink, A.J. van der (1975). Species of Pythium in the 
Netherlands. Netherlands Journal of Plant Pathology, 81, 22-37. 
Plaats-Niterink, A.J. van der (1981). Monograph of the genus Pythium. 
Studies in Mycology No. 21. 
236. 
Pratt, B.H. and Heather, W.A. (1973). Recovery of potentially 
pathogenic Phytophthora and Pythium spp. from native vegetation in 
Australia. Australian Journal of Biological Science, 26, 575-582. 
Pringsheim, N. (1858). Beitráge zur morphologie und systematikden 
Algen. II. Die Saprolegnieen. Jahrbticher für wissenschaftliche 
Botanik, 1, 284-306. 
Pugh, C.J.F. and Dickinson, C.H. (1965). Studies on fungi in coastal 
soils. VI. Gliocladium roseum Bainier. Transactions of the British 
Mycolological Society, 48, 279-285. 
Rajagopolan, S. and Ramakrishnan, K. (1964). Phycomycetes in 
agricultural soils with special reference to Pythiaceae. I. 
Techniques of isolation. Journal of Madras University, Sect. B, 33 0  
311-341. 
Rakvidhyasastra, V. and Butler, E.E. (1973). Mycoparasitism by 
Stephanoma phaeospora. Mycologia, 580-593. 
Rands, R.D. and Dopp, E. (1938). Pythium root rot of sugar cane. 
Technical Bulletin of the United States Department of Agriculture 
666, 1-96. 
Reischer, H.S. (1951). Growth of Saprolegniaceae in synthetic media. 
I. Inorganic nutrition. Mycologia, 43, 142-155. 
Reyes, F. and Lahoz, R. (1976). Liberation of protoplasts from 
mycelium of Neurospora crassa by means of enzymes obtained from 
autolysed cultures of this fungus. Antonie van Leeuwenhoek, 42, 457-
460. 
Ridings, W.H., Gallegly, M.E. and Lilly, V.G. (1969). Thiamin 
requirements helpful in distinguishing isolates of Pythium from those 
of Phytophthora. Phytopathology, 59, 737-742. 
Robbins, W.J. and Kavanagh, F. (1938). Thiamine and growth of Pythium 
butleri. Bulletin of the Torrey Botanical Club, 65, 453-461. 
Robertson, G.I. (1973a). Occurrence of Pythium spp. in New Zealand 
soils, sands, pumices, and peat,. and on roots of container-grown 
plahts. New Zealand Journal of Agricultural Research, 16, 357-365. 
Robertson, G.I. (1973b). Pathogenicity of Pythium spp. to seeds and 
seedling roots. New Zealand Journal of Agricultural Research, 16, 367-
372. 
Robertson, G.I. (1975). A paper disk technique for the Iecovery of 
Pythium spp. from soil and water. New Zealand Journal of Agricultural 
Research, 18, 409-410. 
Ross, J.P. and Ruttencuter, R. (1977). Population dynamics of two 
vesicular-arbuscular endomyccorhizal fungi and the role of 
hyperparasitic fungi. Phytopathology, 67, 490-496. 
Royle, D.J. and Hickman, C.J. (1964) Analysis of factors governing in 
vitro accumulation of zoospores of Pythium aphanidermatum on roots. 
Canadian Journal of Microbiology, 10, 151-162. 
237. 
Schmitthenner, A.F. (1962). Isolation of Pythium from soil particles. 
Phytopathology, 52, 1133-1138. 
Schrter, J. (1897). Pythiaceae. In: A. Engler & K. Prantl, Die 
nattirlichen Pflanzenfamilien. 1, 104-105. 
Schroth, M.N. and Cook, R.J. (1964). Seed exudation and its influence 
on pre-emergence damping-off of bean. Phytopathology, 54, 670-673. 
Shigo, A.L. (1960). Parasitism of Gonatobotryum fuscum on species of 
Ceratocystis. Mycologia, 52, 584-598. 
Shigo, A.L., AndersOn, C.D. and Barnett, H.L. (1961). Effects of 
concentration of host nutrients on parasitism of Piptocephalis 
xenophila and P. virginiana. Phytopathology, 51, 616-620. 
Siegle, H. (1961). fiber mischinfectionen mit Ophiobolus graminis and 
Didymella exitialis. Phytopathologische Z, 42, 305-348. 
Slagg, C.M. and Fellows, H. (1947). Effects of certain soil fungi and 
their byproducts on Ophiobolus graminis. Journal of Agricultural 
Research, 75, 279-293. 
S$rensen, H. (1957). Microbial decomposition of xylan. Acta 
Agriculturae Scandinavica, Stockholm, Supplementum I. 
Spencer, A. and Cooper, W.E. (1967). Pathogenesis of cotton 
(Gossypium hirsutum) by Pythium species: zoospore and- mycelium 
attraction and infectivity. Phytopathology, 57, 1332-1338. 
Spencer, D.M. and Atkey, P.T. (1981). Parasitic effects of 
Verticillium lecanli on two rust fungi. Transactions of the British 
Mycological Society, 77, 535-542. 
Stanghellini, M.E. and Burr, T.J. (1973). Germination in vivo of 
Pythium aphanidermatum oospores and sporangia. Phytopathology, 63, 
1493-1496. 
Stanghellini, M.E. and Hancock, J.G. (1971). The sporangium of 
Pythium ultimum as a survival structure in soil. Phytopathology, 61, 
157-164. 
Stoip, H. and Starr, H.P. (1963). Bdellovibrio bacteriovorus gen. et  
sp. n., a predatory, ectoparasitic, and bacteriolytic microorganism. 
Antonie vn Leeuwenhoek Journal of Microbiology and Serology, 29, 217-. 
248. 
Sutherland, J.R., Adams, R.E. and True, R.P. (1966). Pthium vexans 
and other conifer seedbed fungi isolated by the apple technique 
following treatments to control nematodes. Plant Disease Reporter, 
50, 545-547. 
Swendsrud, D.P. and Calpouzos, L. (1972). Effect of inoculation 
sequence and humidity on infection of Puccinia recondita by the 
mycoparasite Dariuca ilIum. Phytopathology, 62, 931-932. 
Taylor, E.E. and Marsh, P.B. (1963). Cellulose decomposition by 
Pythium. Canadian Journal of Microbiology, 9, 353-358. 
K.\cS 	4 	'- 	' 
rcw t% osJ. cd 	c& 
238. 
Traquair, J.A. and McKeen, W.E. (1978). Necrotrophic rnycoparasitism 
of Ceratocystis finibriata by Hirschioporus pargamenus (Polyporaceae). 
Canadian Journal of Microbiology, 24, 869-874. 
Tribe, H.T. (1961). Microbiology of cellulose decomposition in soil. 
Soil Science, 92, 61-77. 
Tribe, H.T. (1966). Interactions of soil fungi on cellulose film. 
Transactions of the British Mycological Society, 49, 457-466. 
Tsao, P.H. (1960). A serial dilution end-point method for estimating 
disease potentials of citrus phytophthoras in soil. Phytopathology, 
50, 717-724. 
Tsao, P.H. (1970). Selective media for. isolation of pathogenic fungi. 
Annual Review of Phytopathology, 8, 157-186. 
Tu, J.C. (1980). Cliocladium virens, a destructive mycoparasite of 
Scierotinia scierotiorum. Phytopathology, 70, 670-674. 
Tubaki, K. (1955). Studies on Japanese Hyphomycetes. II. Fungicolous 
group. Nagaoa, 5, 11-40. 
Turner, G.J. and Tribe, H.T. (1976). 	On Coniothyrium minitans and 
its parasitism of Scierotinia species. Transactions of the British 
Mycological Society, 66, 97-105. 
Vaartaja, 0. (1968). Pythium and Mortierella in soils of Ontario 
forest nurseries. Canadian Journal of Microbiology, 14, 265-269. 
Vesel, D. (1977). Potential biological control of damping-off 
pathogens in emerging sugar beet by Pythium oligandrum Drechsler. 
Phytopathology Z, 90, 113-115. 
Vesel, D. (1978a). Studies of the mycoparasitism in rhizosphere of 
emerging sugar beet. Zentralblatt für Bakteriologie parasitenkunde, 
Infektionskrankheiten und Hygiene. Zweite Abteilung Bd., 133, S, 
195-200. 
Vesel9, D. (1978b). Parasitic relationships between P. oligandrum 
Drechsler and some other species of the Oomycetes class. Zentralblatt 
für Bakteriologie parasitenkunde, Infektionskrankheiten und Hygiene. 
Zweite Abteilung Bd., 133, S, 341-349. 
Vesel9, IL (1978c). Relation of Pythium oligandrum Drechsler to 
bacteria, actinomycetes and several fungi inhabiting the rhizosphere 
of the emerging sugar beet. Zentralblatt für Bakteriologie parasitenkunde, 
Infektionskrankheiten und Hygiene. Zweite Abteilung Bd., 133, S, 
350-3 56. 
Vesel, D. (1978d). Ochrana VzchzejCcf cukrovky proti spale 
biotogickou cestou (Biological protection of emerging sugar beets 
against Beet Blight). Rostlinna Vroba, 24, 971-974. 
Vese1, D. (1979). Use of Pythium oligandrurn to protect emerging 
sugar beet. In Schippers, B. and Cams, W. (eds.), Soil borne plant 
pathogens. Academic Press. 
239. 
Walker, J. (1981). Taxonomy of take-all fungi and related genera and 
species. In Biology and control of take-all. (Asher, M.J.C. and 
Shipton, P.J., editors). 
Warcup, J.H. (1951). Effect of partial sterilisation by steam or 
formalin on the fungus flora of an old forest nursery soil. 
Transactions of the British Mycological Society, 34, 519-532. 
Warcup, J.H. (1952). Effect of partial sterilisation by steam or 
formalin on damping-off of Sitka Spruce. Transactions of the British 
Mycological Society, 35, 248-262. 
Warren, J.R. (1948). An undescribed species of Papulaspora parasitic 
onRhizoctonia solani KUhn. Mycologia, XL 391-401. 
Waterhouse, G.M. (1968). The genus Pythium Pringsheim. Mycological 
Pper 110, pp. 1-71 . 
Watson, P. (1965). Further observations on Calcarisporium arbuscula. 
Transactions of the British Mycological Society, 48, 9-17. 
Weindling, R. (1932). Trichoderma lignorum as a parasite of other 
soil fungi. Phytopathology, 22, 837-845. 
Wells, H.D., Bell, D.K. and Jaworski, C. (1972). Efficacy of 
Trichoderma harzianum as a biocontrol for Scierotium rolfsii. 
Phytopathology, 62, 442-447. 
Whaley, J.W. (1961). Parasitism and nutrition of Gonatobotrys 
simplex, Mycologia, 55, 195-210. 
Whaley, J.W. and Barnett, H.L. (1963). Parasitism and nutrition of 
Gonatobotrys simplex. Mycologia, 55, 195-210. 
Winsted, N.N. and McCombs, C.L. (1961). Pectinolytic and cellulolytic 
enzyme production by Pythium aphanidermatum, Phytopathology, 51 1  
270-273. 
Yang, C.Y.D. and Mitchell, J.E. (1965). Cat-ion effect on the 
reproduction of Pythium spp.. Phytopathology, 55, 1127-1131. 
240. 
